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Dear Sir:

1, J. Christopher Grimaldi, declare and state as follows:

1. I am a Senior Research Associate in the Molecular Biology Department of
Genentech, Inc., South San Francisco, CA 94080.

. 2. My scientific Curnculum Vitae, including my list of publications, is attached to
and forms part of this Declaration (Exhibit A).

3. I joined Genentech in January of 1999. From 1999 to 2003, I directed the Cloning
Laboratory in the Molecular Biology Department. During this time 1 directed or performed
numerous molecular biology techniques including semi-quantitative Polymerase Chain Reaction

(PCR) analyses. 1 am. currently involved, among other projects, in the isolation of genes coding’
for membrane associated proteins which can be used as targets for antibody therapeutics against
cancer. In connection with the above-identified patent application, I personally performed or
directed the semi-quantitative PCR gene expression analyses in the assay entitled “Tumor Versus
Normal Differential Tissue Expression Distribution,” which is described in EXAMPLE 18 in. the

“specification. These studies were used to identify differences in gene expression between tumor
tissue and their normal counterparts.

4. EXAMPLE 18 reports the results of the PCR analyses conducted as part of the
investigating of several new]y discovered DNA sequences. This process included developing
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primers and analyzing expression of the DNA sequences of interest in normal and tumor tissues.
The analyses were designed to determine whether a difference ex1sts between gene expression .in
~ normal tissués as compared to tumor in the same tissue type.

5. The DNA libraries used-in the gerie expression studies were made from pooled

samples of normal and of tumor tissues. Data from pooled samples is more likely to be accurate

than data obtained from a sample from a single individual. ‘That is, the detection of variations in

- gene expression is likely to represent a more generally relevant condition when pooled samples
 from normal tissues are compared with pooled samples from tumors in the same tissue type.

6. In differential gene expression studies, one looks for genes whose expression levels
differ significantly under different conditions, for example, in normal versus diseased tissue.
Thus, I conducted a semi-quantitative analysis of the expression of the DNA sequences of
interest in normal versus tumor tissues. Expression levels were graded according to a scale of +, -
, and +/- to indicate the amount of the specific signal detected. Using the widely accepted
technique of PCR, it was determined whether the polynucleotides tested were more. highly
expressed, less expressed, or whether expression remained the same in tumor tissue as compared
to its normal counterpart. Because this technique relies on the visual detection of ethidium
bromide staining of PCR products on agarose gels, it is reasonable to assume that any detectable
differences seen between two samples will represent at least a two fold difference in cDNA.

7. The results of the gene expression studies indicate that the genes of interest can be
used to differentiate tumor from normal. The precise levels of gene expression are irrelevant;
what matters is that there is a relative difference in expression between normal tissue and tumor
tissue. The precise type of tumor is also irrelevant; again, the assay was designed to indicate
whether a difference exists between normal tissue and tumor tissue of the same type. If a
difference is detected, this indicates that the gene and its corresponding polypeptide and
~ antibodies against the polypeptide are useful for diagnostic purposes, to scréen samples to
differentiate between normal and tumor. Additional studies can then be conducted if further
information is desired.

8. I hereby declare that all statements made herein of my own knowledge are true and
that all statements made on information or belief are believed to be true, and further that these
statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States
Code and that such willful statements may jeopardize the validity of the application or any
patent issued thereon.

By: V?/ N“' bate: KJ {0/ Z()O&/

f\/Chn Kfpher Grimaldi
SADOCSAOKIAG 5591.D0C/081004
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J. (fhristopher Grimaldi
1434-36" Ave,
San Francisco, CA 94122
(415) 681-1639 (Home)
EDUCATION ‘ University of California, Berkeley

Bachelor of Arts in Molecular Biology, 1984

EMPLOYMENT EXPERIENCE

SRA Genentech Inc., South San Francisco; 1/99 to present

Previously, was responsible to direct and manage the Cloning Lab. -Currently focused on
isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project
my duties were, among other things, the critically important coordination of the cloning of
thousands of putative genes, by developing a smooth process of communication between the
Bioinformatics, Cloning, Sequencing, and Legal teams, Collaborated with several groups to
discover novel genes through the Curagen project, a unique differential display methodology.
Interacted extensively with the Legal team providing essential data needed for filing patents on
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novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed,

implemented and patented high throughput cloning methodologies that have proven to be

 essential for the isolation of hundreds of novel genes for the ‘SPD], TAP and Curagen projects as

well as dozens of other smaller projects.

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99

Involved in-multiple prejeets aimed at understanding novel genes discovered through
bioinformatics studies and functional assays. Developed and patented a method for the specific
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented
essential technical methodologies and provided strategic direction in the areas of expression,
cloning, protein purification, general molecular biology, and monoclonal antibody production.
Trained and supervised numerous technical staff.

Facilities :
Manager Corixa, Redwood City; 5/89 - 7/91.

Directed plant-related activities, which included expansion planning, maintenance, safety,
purchasing, inventory control, shipping and receiving, and laboratory management. Designed
and implemented the safety program. Also served as liaison to regulatory agencies at the local,
state and federal level. Was in charge of property leases, leasehold improvements, etc.
Negotiated vendor contracts and directed the purchasing department. Trained and supervised
personnel to carry out the above-mentioned duties.
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SRA University of California, San Francisco
Cang:er Research Institute; 2/87-4/89.

Was responsible for numerous cloning projects including: studies of somatic hypermutation,
studies of AIDS-associated lymphomas, and cloning of ¥(5;14), t(11;14), and t(8;14) _
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14)

_ translocation in leukemia patients..

Research
Technician Berlex Biosciences, South San Francisco; 7/85-2/87.

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was
responsible for generating genomic libraries, screening with degenerate oligonucleotides, and -
characterizing and expressing clones in E. coli. Also constructed a general purpose expression
vector for use by other scientific teams.

PUBLICATIONS

1. Hilary R. Clark, et al. “The Secreted Protein Discovery Initiative (SPDI), a Large-scale
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics
assessment.” Genome Res. Vol 13(10), 2265-2270, 2003

2. Sean H. Adams, Clarissa Chui’ Sarah L. Schilbach, Xing Xian Yu, Audrey D. Goddard, J.
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman’ ‘BFIT,
_a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue:’ Cloning,
organization of the humanb gene and assessment of a potential link to obesity” Biochemical
Journal, Vol 360, 135-142, 2001

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T,
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley
CW, Schwall RH, Eberhard DA, Rastelli L, Polakis.P; and Pennica D. “Overexpression of
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation
by Wnt-1 and Retinoic Acid.” Cancer Research Vol. 61(10), 4197-4205, 2001

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar,
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as “Grimaldi, CJ*), Franklin
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. “Gene Expression
Profiling in an in Vitro Model of Angiogenesis.” American Journal of Pathology Vol 156(6),
1887-1900, 2000.

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. “Depletion of eosinophils in
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of
Leukocyte Biology; Vol. 65(6), 846-53, 1999 '

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. “Independently ligating CD38 and Fc

gammaRIIB relays a dominant negative signal to B cells.” Hybridoma Vol. 18(2), 113-9,
1999
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Cockayne DA, Muchamuel T, Grimaldi J C, Muller-Steffner H, Randall TD, Lund FE,
Murray R, Schuber F, Howard MC. “Mice deficient for the ecto-nicotinamide adenine
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses.” Blood Vol.
92(4), 1324-33, 1998

Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C.
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995

‘M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles, J. C. Grimaldi, F. Lee, T.

McClanahan. “A new approach to the study of haematopoietic development in the yolk sac
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995

Y. Christopher Gn'maldi, Sriram Balasybramanian, J. Femando Bazan, Armen Shanafelt, _ =
Gerard Zurawski and Maureen Howard. "CD38-mediated protein ribosylation.” Journal of
Immunology,Vol. 155(2), 811-817, 1995

Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W. Heath, Nanette Solvason, Wei
Wei W, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38
unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of
CD38 induced signal transduction.” International Immunology, Vol 7(2), 163-170, 1995

Frances Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen
Howard. "Murine CD38: An immunoregulatory ectoenzyme." Immunology Today, Vol
16(10), 469-473, 1995

Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee.
"Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen
CD38." Science, Vol. 262, 1056-1059, 1993

Nobuyuki Harada, Leopoldo.Santos-Argumedo, Ray Chang, J. Christopher Grimaldi, Frances - e
Lund, Camilynn I. Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E,

Parkhouse and Maureen Howard. "Expression Cloning of a cDNA Encoding a Novel Murine

B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol.

- 151, 3111-3118, 1993

15.

16.

17.

David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J.
Christopher Grimaldi, Lucie Cohen Randolph N. Mobhr, J. Fernando Bazan, Maureen
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993

J. Christopher Grimaldi, Raul Torres, Christine A. Kozak, Ray Chang, Edward Clark,
Maureen Howard, and Debra A. Cockayne. "Genomic Structure and Chromosomal Mapping
of the Murine CD40 Gene." The Journal of Immunology, Vol 149, 3921-3926, 1992

Timothy C. Meeker, Bruce Shiramizu, Lawrence Kaplan, Brian Herndier, Henry Sanchez, J.
Christopher Grimaldi, James Baumgartner, Jacab Rachlin, Ellen Peigal, Mark Rosenblum and
Michael S. McGrath. "BEvidence for Molecular Subtypes of HIV-Associated Lymphoma:
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‘Division into Peripheral Monoclonal, Polyclonal and Central Nervous System Lymphoma.”
AIDS, Vol. 5, 669-674, 1991 '

18. Ann Grimaldi and Chris Grimaldi. "Small-Scale Lambda DNA. Prep." Contribution to
Current Protocols in Molecular Biology, Supplement 5, Winter 1989

19. J. Christopher Grimaldi, Timothy C. Meeker. “The (5;14) Chromosomal Translocation in a
Case of Acute Lymphocytic Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin
Heavy Chain Gene." Blood, Vol. 73, 2081-2085, 1989

20. Timothy C. Meeker, J. Christopher Grimaldi, et al. "An Additional Breakpoint Region in the
BCL-1 Locus Associated with the t(11;14) (q13;932) Translocation of B-Lymphocytic
Malignancy.” Blood, Vol. 74, 1801-1806, 1989 :

21 Timothy C. Meeker, J. Christopher Grimaldi, Robert ORourke, et al. "Lack of Detectable.

Somatic Hypermutation in the V Region of the Ig H Chain Gene of a Human.Chronic B
Lymphocytic Leukemia." The Journal of Immunology, Vol. 141, 3994-3998, 1988 )

MANUSCRIPTS IN PREPARATION

‘1. Sriram Balasubramanian, J. Christopher Grimaldi, J. Fernando Bazan, Gerard Zurawski and

Maureen Howard. "Structural and functional characterization of CD38: Identification of
active site residues"
PATENTS
1. “Methods for Eosinophil Depletion with Antibody to CCR3 Receptor” (US 6,207,155 B1).
2. “Amplification Based Cloning Method.” (US 6,607,899)

3. Ashkenazi et al., “Secreted and Transmernbrane Polypeptides and Nucleic Acids Encoding
the Same.” (this patent covers several hundred genes; o

4. “IL-17 Homologous Polypeptides and Therapeutic Uses Thereof”
5. “Method of Diagnosing and Treating Cartilaginous Disorders.”
MEMBERSHIPS AND ACTIVITIES

Editor PFrontiers in Bioscience

Member DNAX Safety Committee 1991-1999

Biological Safety Affairs Foram (BSAF) 1990-1991
Environmental Law Foundation (ELF) 1990-1991
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DECLARATION OF J. CHRISTOPHER GRIMALDI, UNDER 37 C.ER. §1.132

Commissioner for Patents
- P.O. Box 1450
. Alexandria, VA 22313-1450
Dear Sir:
| L J. Christopher Grimaldi, declare and say as follows:

1. I am a Senior Research Associate in the Molecular Blology Department of
Genentech, Inc., South San Francisco, CA 94080.

2. I joined Genentech in January of 1999. From 1999 to 2003, I directed the Cloning -
Laboratory in the Molecular Biology Department. During this time I directed or performed
numerous molecular biology techniques including qualitative Polymerase Chain Reaction (PCR)
analyses. I am currently involved in, among other projects, the isolation of genes coding for
membrane associated proteins which can be used as targets for antibody therapeutics against
cancer. In connection with the above-identified patent application, I personally performed or
directed the semi-quantitative PCR analyses in the assay entitled “Tumor Versus Normal
Differential Tissue Expression Distribution” which is described in EXAMPLE 18 in the
specification that were used to xdentlfy differences in gene expressmn between tumor tissue and
their normal counterparts.

3. My scientific Curriculum Vitae, including my hst of publications, is attached to
and forms part of this Declaration (Exhibit A).

. 4. In differential gene expression studies, one looks for genes whose expression levels
differ sxgmﬁcantly under different conditions, for example, in normal versus diseased tissue.
, -
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‘Chromosomal aberrations, such as gene amplification, and chromosomal translocatlons are
important markers of specific types of cancer and lead to-the aberrant expression of specific
genes and their encoded polypeptldes including over-expression and under-expression. For
example, gene amplification is a. process in which specific regions of a chromosome are
duplicated, thus creating multlple copies of certain genes that normally exist as a single copy.
_Gene under-expression can occur when a gene is not transcribed into mRNA. In addition,
chromosomal translocations occur when two different-chromosomes break and are rejoined to
each other chromosome resulting in a chimeric chromosome which displays a different expression
pattern relative to the parent chromosomes. Amplification of certain genes such as Her2/Neu
[Singleton et al., Pathol. Annu., 27Pt1:165-190], or chromosomal translocations such as t(5;14),
[Grimaldi et al., Blood, 73(8):2081-2085(1989); Mecker et al., Blood, 76(2):285-289(1990)] give
* cancer cells a growth or survival advantage relative to normal cells, and might also provide a
" mechanism of tumor cell resistance to chemotherapy or radiotherapy. ‘When the chromosomal
aberration results in the aberrant expression of a mRNA and the coxrespondmg gene product (the
polypeptide), as it does in the aforementioned cases, the gene product is a promising target for
cancer therapy, for example, by the therapcutlc antibody approach.

5. Comparison of gene expression levels in normal versus diseased tissue has
important implications both diagnostically and therapeutically. For example, those who work in
this field are well aware that in the vast majority of cases, when a gene is over-expressed, as
- evidenced by an increased production of mRNA, the gene product or polypeptide will also be
- over-expressed. It is unlikely that one identifies increased mRNA expression without associated
-increased protein expression. This same principle applies to gene under-expression. When a

gene is under-expressed, the gene product is also likely to be under-expressed. Stated in another
way, two cell samples which have differing mRNA' concentrations for a specific gene are
expected to have correspondingly different concentration of protein for that gene. Techniques
used to detect mRNA, such as Northern Blotting, Differential Display, in situ. hybridization,
- quantitative PCR, Tagman, and more recently Microarray technology all rely on the dogma that a
change in mRNA will represent a similar change in protein. If this dogma did not hold true then
these techniques would have little value and not be so widely used. The use of mRNA
quantitation techniques have identified a seemingly endless number of genes which are
differentially expressed in various tissues and these genes have subsequently been shown to have
correspondingly similar changes in their protein levels. Thus, the detection of increased mRNA
expression is expected to result in increased polypeptide expression, and the detection of
decreased mRNA expression is expected to result in decreased polypeptide expression. The

detection of increased or decreased polypeptide expression can be used for cancer diagnosis and
treatment.

6. However, even in the rare case where the protein expression does not correlate
with the mRNA expression, this still provides significant information useful for cancer diagnosis
and treatment. For example, if over- or under-expression of a gene product does not correlate
with over- or under-expression of mRNA in certain tumor types but does so in others, then

-identification of both gene expression and protein expression enables more accurate tumor
classification and hence better determination of suitable therapy. In addition, absence of over- or

-2~
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“under-expression of the gene product in the presence of a particular over- or under-expression of
mRNA is crucial information for the practicing clinician. For example, if a gene is over-expressed. -
but the correspondmg gene product is not significantly over-expressed, the clinician accordingly
will decide not to treat a patient with agents that target that gene product.

7. . Thereby declare that all statements made herein of my own knowledge are true and
that all statements made on information or belief are believed to be true, and further that' these
statements were made with the knowledge that willful false statements and the like so made are

“ punishable by fine or imprisonment, or both, under Section 1001 of Title 18- of the United: States

. Code and that such willful statements may Jeopardlze the vahdlty of the application or any
patent issued thereon. :

#‘7 A | D;,;e; 'g‘/‘vliw‘\

1. C 'sto_pher Grimaldi

SADOCS\VAOK\ADK - 5479 DOC
071904 |
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'J. Christopher Grimaldi
1434-36" Ave.
Sam Francisco, CA 94122
(415) 681-1639 (Home)
EDUCATION  University of California, Berkeley

Bachelor of Arts in Molecular Biology, 1984

EMPLOYMENT EXPERIENCE

SRA Genentech Inc., South San Francisco; 1/99 to present

Previously, was responsible to direct and manage the Cloning Lab. @urrently focused on.
 isolating cancer specific genes for the Tumor Antigen (TAP), and Secreted Tumor Protein
(STOP) projects for the Oncology Department as well as Immunologically relevant genes for the
Immunology Department. Directed a lab of 6 scientists focused on a company-wide team effort
to identify and isolate secreted proteins for potential therapeutic use (SPDI). For the SPDI project
my duties were, among other things, the critically important coordination of the cloning of
thousands of putative genes, by developing a smooth process of communication between the
Bioinformatics, Cloning, Sequencing, and Legal teams. Collaborated with several groups to
discover novel genes through the Curagen project, a unique differential display methodology.
Interacted extensively with the Legal team providing essential data needed for filing patents on
novel genes discovered through the SPDI, TAP and Curagen projects. My group has developed,
implemented and patented high throughput cloning methodologies that have proven to be
essential for the isolation of hundreds of novel genes for the SPDI, TAP and Curagen projects as
well as dozens of other smaller projects. .

Scientist DNAX Research Institute, Palo Alto; 9/91 to 1/99

. Involved in multiple projects-aimed at-understanding novel genes discovered through
bioinformatics studies and functional assays. Developed and patented a method for the specific
depletion of eosinophils in vivo using monoclonal antibodies. Developed and implemented
essential technical methodologies and provided strategic direction in the areas of expression,
cloning, protein purification, general molecular biology, and monoclonal antibody production.
Trained and supervised numerous technical staff.

Facilities
Manager Corixa, Redwood City; 5/89 - 7/91.

Directed plant-related activities, which included expansion planning, maintenance, safety,
purchasing, inventory control, shipping and receiving, and laboratory management, Designed
and implemented the safety program. Also served as liaison to regulatory agencies at the local,
state and federal level. Was in charge of property leases, leasehold improvements, etc.
Negotiated vendor contracts and directed the purchasing department. Trained and supervised
personnel to carry out the above-mentioned duties.
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SRA University of California, San Francisco
Cancer Research Institute; 2/87-4/89.

Was responsible for numerous cloning projects including: studies of somatic hypermutation,
studies of AIDS-associated lymphomas, and cloning of t(5;14), t(11;14), and t(8;14)
translocations. Focused on the activation of hemopoietic growth factors involved in the t(5;14)
_ translocation in leukemia patients.. .

Research
Technician Berlex Biosciences, South San Francisco; 7/85-2/87.

Worked on a subunit porcine vaccine directed against Mycoplasma hyopneumoniae. Was

responsible for generating genomic libraries, screening with degenerate oligonucleotides, and cr—aas
characterizing and-expressing clones in E. coli. Also constructed a general purpose expression

vector for use by other scientific teams.

PUBLICATIONS

1. Hilary F. Clark, et al. “The Secreted Protein Discovery Initiative (SPDI), a Large-scale
Effort to Identify Novel Human Secreted and Transmembrane Proteins: a bioinformatics
* assessment.” Genome Res. Vol 13(10), 2265-2270, 2003

2. Sean H. Adams, Clarissa Chui' Sarah L. Schilbach, Xing Xian Yau, Audrey D. Goddard, J.
Christopher Grimaldi, James Lee, Patrick Dowd, David A. Lewin, & Steven Colman’ "BFIT,
-a Unique Acyl-CoA Thioesterase Induced in Thermogenic Brown Adiopose Tissue: Cloning,
organization of the humanb gene and assessment of a potential link to obesity” Biochemical
Journal, Vol 360, 135-142, 2001

3. Szeto W, Jiang W, Tice DA, Rubinfeld B, Hollingshead PG, Fong SE, Dugger DL, Pham T,
Yansura D, Wong TA, Grimaldi JC, Corpuz RT, Singh JS, Frantz GD, , Devaux B, Crowley
CW, Schwall RH, Eberhard DA; Rastelli L, Polakis.P, and Pennica D. “Overexpression of .- -
the Retenoic Acid-Responsive Gene Stra6 in Human Cancers and its Synergistic Activation '
by Wnt-1 and Retinoic Acid.” Cancer Research Vol. 61(10), 4197-4205, 2001

4. Jeanne Kahn, Fuad Mehraban, Gladdys Ingle, Xiaohua Xin, Juliet E. Bryant, Gordon Vehar,
Jill Schoenfeld, J. Christopher Grimaldi (incorrectly named as “Grimaldi, CJ), Franklin
Peale, Apama Draksharapu, David A. Lewin, and Mary E. Gerritsen. “Gene Expression
Profiling in an in Vitro Model of Angiogenesis.” American Journal of Pathology Vol 156(6),
1887-1900, 2000.

5. Grimaldi JC, Yu NX, Grunig G, Seymour BW, Cottrez F, Robinson DS, Hosken N, Ferlin
WG, Wu X, Soto H, O'Garra A, Howard MC, Coffman RL. “Depletion of eosinophils in
mice through the use of antibodies specific for C-C chemokine receptor 3 (CCR3). Journal of
Leukocyte Biology; Vol. 65(6), 846-53, 1999

6. Oliver AM, Grimaldi JC, Howard MC, Kearney JF. “Independently ligating CD38 and Fc
gammaRIIB relays a dominant negative signal to B cells.” Hybridoma Vol. 18(2), 113-9,
- 1999 :
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Cockayne DA, Muchamuel T, Grimaldi JC, Muller-Steffner H, Randall TD, Lund FE,
Murray R, Schuber F, Howard MC. “Mice deficient for the ecto-nicotinamide adenine
dinucleotide glycohydrolase CD38 exhibit altered humoral immune responses.” Blood Vol.

92(4), 1324-33, 1998

Frances E. Lund, Nanette W. Solvason, Michael P. Cooke, Andrew W. Heath, J. Christopher
Grimaldi, Troy D. Randall, R. M. E. Parkhouse, Christopher C Goodnow and Maureen C.
Howard. "Signaling through murine CD38 is impaired in antigen receptor unresponsive B
cells." European Journal of Immunology, Vol. 25(5), 1338-1345, 1995

‘M. J. Guimaraes, J. F. Bazan, A. Zolotnik, M. V. Wiles,'J . C. Grimaldi, F. Lee, T.

McClanahan. "A new approach to the study of haematopoietic development in the yolk sac
and embryoid body." Development, Vol. 121(10), 3335-3346, 1995

J. Christopher Gnmaldx, Sriram Balasubramanian, J. Fernando Bazan, Armen Shanafelt,

‘Gerard Zurawski and Maureen Howard. "CD38-mediated protein ribosylation.” Journal of

Immunology,Vol. 155(2), 811-817, 1995

Leopoldo Santos-Argumedo, Frances F. Lund, Andrew W, Heath, Nanette Solvason, Wei
Wei Wu, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen Howard. "CD38

unresponsiveness of xid B cells implicates Bruton's tyrosine kinase (btk) as a regulator of
CD38 induced signal transduction." International Immunology, Vol 7(2), 163-170, 1995

Franées'Lund, Nanette Solvason, J. Christopher Grimaldi, R. M. E. Parkhouse and Maureen
Howard. "Murine CD38: An immunoregulatory ectoenzyme.” Immunology Today, Vol.
16(10), 469-473, 1995

Maureen Howard, J. Christopher Grimaldi, J. Fernando Bazan, Frances E. Lund, Leopoldo
Santos-Argumedo, R. M. E. Parkhouse, Timothy F. Walseth, and Hon Cheung Lee.
“Formation and Hydrolysis of Cyclic ADP-Ribose Catalyzed by Lymphocyte Antigen
CD38." Science, Vol. 262, 1056-1059, 1993

Nobuyuki Harada, LeopoldaSantos-Argumedo, Ray Chang, J. Christopher Grimaldi, Frances
Land, Camilynn 1. Brannan, Neal G. Copeland, Nancy A. Jenkins, Andrew Heath, R. M. E.
Parkhouse and Maureen Howard. "Expression Cloning of 2 cDNA Encoding a Novel Murine
B Cell Activation Marker: Homology to Human CD38." The Journal of Immunology, Vol.
151,3111-3118, 1993

David J. Rawlings, Douglas C. Saffran, Satoshi Tsukada, David A. Largaespada, J.
Christopher Grimaldi, Lucie Cohen Randolph N. Mohr, J. Fernando Bazan, Maureen
Howard, Neal G. Copeland, Nancy A. Jenkins, Owen Witte. "Mutation of Unique Region of
Bruton's Tyrosine Kinase in Immunodeficient XID Mice." Science, Vol. 261, 358-360, 1993
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The t(5;14) Chromosomal Translocation in a Céée of Acute Lymphocytic
Leukemia Joins the Interleukin-3 Gene to the Immunoglobulin Heavy Chain Gene

By J. Christopher Grimaldi and Timothy C. Meeker

Chromosomal translocations have proven to be important
markers of the geneti¢c abnormalities central to the patho-
genesis of cancer. By cloning chromosomal breakpoints
one can identify activated proto-oncogenes. We have stud-
fed a case of B-lineage acute lymphocytic leukemia (ALL)
that was associated with peripheral blood eosinophilia. The
chromosomal translocation t(5:;14) (q31:q32) from this
sample was cloned and studied at the molecular level. This

ARYOTYPIC STUDIES of leukemia and lymphoma
have identified frequent nonrandom chromosomal
translocations. Some of these translocations juxtapose the
immunoglobulin heavy chain (IgH) gene with important
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Fig 1. DNA blots of the leukemia sample. The restriction
fragment pattern of normal human DNA (N} and the leukemia
sample (L) were compared using a human Jh probe. Rearranged
bands are indicated by arrows. Sample L exhibits a singte rear-
ranged band with both HMind lli/Ecofill and Sau3A restriction
digests. The rearranged bands are less intense than the other
bands bacause the majority of cells in the sample represent normal
bane marrow elements.

Blood, Vol 73, No 8 (June), 1989: pp 2081-2085

translocation joined the immunoglobulin heavy chain join-
ing (Jh) region to the promotor region of the interleukin-3
(IL-3} gene in opposite transcriptional orientations. The
data suggest that activation of the IL-3 gene by the
enhancer of the immunoglobulin heavy chain gene may ptay

a central role in the pathogenesis of this leukemia and the
associated eosinophilia.

© 1989 by Grune & Stratton, Inc.

protooncogenes, such as c-mye and bel-2.'2 In this way, the
IgH gene can activate proto-oncogenes, resulting in disor-
dered gene expression and a step in the development of
cancer. The investigation of additional nonrandom transloca-
tions into the IgH locus allows us to identify new genes
promating the generation of leukemia and lymphoma.

A distinct subtype of acute lymphocytic leukemia (ALL)
has been characterized by B-lineage phenotype, associated
cosinophilia in the peripheral blood, and a t(5;14)(q31;q32)
chromosomal translocation. This syndrome probably
occurs in <1% of all patients with ALL. We hypothesized
that the cloning of the translocation characteristic of this
leukemia might allow the identification of an important gene
on chromosome 5 that plays a role in the evolution of this
disease. In this report we demonstrate that the interleukin-3

gene (IL-3) and the IgH gene are joined by this transloca-
tion.

MATERIALS AND METHODS

Sample and DNA blots. A bone marrow aspirate from a repre-
sentative patient with ALL (L1 morphology by French-American-
British [FAB] criteria), peripheral eosinophilia (up to 20,000 per
microliter with a normal value of <350 per microliter) and a
t(5;14)(q31;q32) translocation was studied. Using published meth-
ods, genomic DNA was isolated and DNA blots were made.’ Briefly,
10 pg of high molecular weight (mo! wt) DNA were digested using
an appropriate restriction enzyme and electrophoresed on a 0.8%
agarose gel. The gel was stained with ethidium bromide, photo-
graphed, denatured, neutralized, and transferred to Hyband (Amer-
sham, Arlington Heights, IL). After treatment of the filter with
ultraviolet light, hybridization was performed. The filter was washed
to a final stringency of 0.2% saturated sodium citrate (SSC) and
0.1% sodium lauryly sulfate (SDS) and exposed to film. The human
Jh probe has been previously reported.

Genomic library. The genomic library was made using pub-
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lished methods.> Approximately 100 ug of high mol wt genomic
DNA were partially digested with the Sau3A restriction enzyme.
Fragments from 9 to 23 kilobases (kb) in size were isolated on a
sucrose gradient and ligated into phage EMBL3A (Strategene, San
Diego). Recombinant phage were packaged, plated, and screened as
previously reported.®

DNA sequencing. Fragments for sequencing were cloned into
M 13 vectors and sequenced by the chain termination method using
Sequenase (United States Biochemical, Cleveland).” All sequence
data were derived from both strands.

RESULTS

We studied a bone marrow sample from a patient with
ALL and associated peripheral eosinophilia. Karyotypic
analysis showed the characteristic t(5;14)(q31:q32) translo-
cation. These features define a distinctive subtype of ALL.™
The leukemic cells were analyzed for cell surface phenotype
by immunofluorecence. They were positive for Bl (CDg_O),
B4. (CD19), cALLA" (CD10), HLA-DR, and terminal
deoxynucleotidyl transferase (Tdt), but negative for surface
immunoglobulin. This phenotypic profile describes an imma-
ture cell from the B-lymphocytic lincage.® ‘

The leukemia DNA was analyzed by Southern blotting for
rearrangements of the IgH gene. Using a human immuno-
globulin Jh probe, a single rearranged band was detected by
EcoRl, Hindlll, Sstl, Sau3A, and EcoRI plus HindIII
Testriction digests, suggesting rearrangement of one allele
(Fig 1). The immunoglobulin Jh region from the other allele
was presumably either deleted or in the germline configura-
tion.

We hypothesized that the t(5;14)(q31;932) juxtaposed a
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growth-promoting gene on chromosome 5 with the immuno-
globulin Jh region on chromosome 14. Therefore, a genomic
library was made from the leukemic sample and screened
with a Jh probe. Fifteen distinct positive clones were isolated
and screened for the presence of the rearranged Sau3A
fragment that was detected by DNA blotting. By this
analysis, five clones appeared to represent the rearranged
allele identified by DNA blots. One of these clones (clone no.
4) was chosen for further study and a detailed restriction

-map was generated. The EcoRl, Hindlll/EcoRI, and SseI

fragments from clone no. 4 that hybridized to the human Jh
probe were also identical in size to the rearranged fragments
from the leukemia sample, confirming that clone no. 4
represented the rearranged leukemic allele.

Phage clone no. 4 contained 3.7 kb of unknown origin
joined to the IgH gene in the region of Jh4 (Fig 2). The IgH
gene from Jh4 to the Cmu region appeared to be in germline
configuration. Previously; the gene encoding hematopoietic
growth factor IL-3 had been mapped to chromosome 5931 s0
it was suspected that clone no. 4 might contain part of this
gene.™'? When the restriction ‘map of human IL-3 and clone
no. 4 were compared, they were identical for more than 3 kb
(Fig 2).

We confirmed the juxtaposition of the IL-3 gene and the
IgH gene by nucleic acid sequencing of the subcloned
BstEIl/Hpal fragment (Fig 2). The sequence of this frag-
ment showed no disruption of the protein coding region or the
messenger RNA of the IL-3 gene. The break in the IL-3 gene
occurred in the promotor region, 452 base pairs (bp)
upstream of ‘the transcriptional start site (position 64, Fig
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34). The break in the IgH gene occurred 2 bp upstream of ~ GM-CSF maps within 9 kb of IL-3 in the same transcrip-
‘the Jh4 region. Between the two breaks, 25 bp of uncertain  tional orientation.' Using this information and assuming a
origin (putative N sequence) were inserted.’™ Nosequences  simple translocation event in our sample, we can conclude
homotogous to the immunoglobulin heptamer and nonamer  that the IL-3 gene is normally more centromeric, and the
could be identified in the IL-3 sequence (Fig 3B). Therefore, GM-CSF gene more telomeric on chromosome 5q (Fig 4).
nucleic acid sequencing confirmed the juxtaposition of the Furthermore, both are transcribed with their 5’ ends toward
1L-3 gene and the IgH gene. The sequence data clearly  the centromere. :

showed that the genes were positioned in opposite transcrip-

tional orientations (head-to-head). DISCUSSION

Available data also allowed us to determine the normal In this report we have cioned a unique chromosomal
positions of the 1L-3 gene and the GM-CSF genc in relation  translocation that appears to be a consistent feature of arare,
to the centromere of chromosome § (Fig 4). The IgH gene is yet distinct, clinical form of acute leukemia. This transloca-
known to be positioned with the variable regions toward the  tion joined the promotor of the IL-3 gene to the IgH gene.
telomere on chromosome 14q. ™5 It has also been shown that ~ Except for the altered promotor, the IL-3 gene appeared

: . - B + .
5! GGTGACCAGGGT’[‘CCC'].‘GGCCCCAGTAGTCAAAG_‘I‘AGTAGAGGTMTTCATCATAGCTGCGGATTAGCAGCGTGACCGGC 8
A 3! FQAQ:&GTCCCMGQQ&CGG&TCL!EAGTEQA'J.CATSTCCATTAAGTAGTA'l‘CGACGCCTAA'ICGTCGCI\CTGGCCG

] -
ERRE .-

5! TACCAGACAAACTCTCATC'}‘GTTCCAGTGGCCTCCTGGC(.:ACCCACCAGGACCAAGCAG(.;GC GGGCAGCAGAG GGCCAG(.; 160
3 ATGGTCTGTTTGAG&G‘I‘AGACAAGGTCACCGGAGGACCGG‘I‘GGGTGGTCC'I‘GGTTCGTCCCGCCCGTCGTCTCCCGGTCC

. hkkkkkkd

5 G'I‘AGTCCAGGTGATGGCAGATGAGATCCCACTGGGCAGGAGGCCTCAGTGAGCTGAGTCAGGCTTCCCCTNCTGCCACI-\ 248
3! CATCAGGTCCACTACCGTCTACTCTAGGGI‘GACCCGTCCTCCGGAGTCAC'I‘CGACTCAGTCCGMGGGGAAGGACG_GTGT

5'GGGGTCC TCTCACCTGC'I‘G(.ZCATGCTTCCCATCTCTCAT&CTCCTTGACAAGATGMGTGATACCGTTTAAGTAA‘I‘CTTT 129
3 CCCCAGGAGAGTGGACGACGG‘I‘ACGAAGGGTAGAGAGTAGGAGGAACTGTTCTACT’I‘CACTATGGCAAATTCATTAGAM

. R . . FETY T T 21 B
'TPTCTTGTTTCAC TGATCTTGAGTACTAGAMGTCATGGATGAATAATTACGTCTGTGGTTTTCTATGGAGGTTCCATGT 408
3 AI\AGMCBAAGTGACTAGAACTCATGATCT‘ITCAGTACC'.l‘ACTTA'I‘TAATGCAGACACCAAMGATACCTCCAAGGTACA

5¢ CAGATAAAGATCCTTCCGA&GCCTGCCCCACACCACCACCTCCCCCCGCCTTGCCCGGGG’].‘TGTGGGCACCTTGCTGCT(.; 4BD
3t GTCTATTTCTAGGAAGGCTGCGGACGGGGTGTGG‘I!GGTGGAGGGGGGCGGAACGGGCCCCAACACCCGTGGAACGACGAC

5! CACAE&TAAGGCGGGI\GGT:IGTTGCCAACTCT’KZ_A_GAGCCCCACGAAGGACCZ\GAACAAGACAGAGTGCCTCCTGCCGA'}.‘ SG6L
3! GTGTATA’I“I’CCGCCCTCCMCAACGGTTGAGAAGTCTCGGGGTGCTTCCTGGTCTTGTTCTGTCTCACGGAGGACGGCTA

51 CCAAACATGAGCCECCTGCCCETCCTGCTCCTGCTCCARCTCCTGETCCGCCCCGGRCTC CARGCTCCCATGACCCAGAC (4
3! GOTTTOTACTCGGCGGACGEGCAGGACCAGGACGRGGTTGAGGACCAGGCGGEGCCTGAGETTCGAGGGTACTGGETCTG ~ -

5! MCGTCCTTGAAGACMGC'}GGGTTAAC 3! 668
3 ' TTGCAGGARCTICTGTTCGACCCAATTG 5'

B 19Jhé 5° TGGCCCCAGTAGTCAAAGTAGTCACATTGTCGGAGGCCCCATTAAGGGGTGCACAAAAACCTGACTCTC
9 3° ACCGQQQEQATCAGTTTCATCAGTGTAACACCCTCCGGGGTAATTC CCCACGTGTTTTTIGGACTGAGAG

B o Ry

Cl.84 5' TGGCCCCAGTAGTCAAAGTAGTAGAGGTAATTCATCATAGCTGCGGATTAGCAGCG'I'GACCGGCTACCA
¢ 3t ACCGGGGTCATCAGTTTCATCATCTCCATTAAGTAGTATCGACGCCTAATC GTCGCACTGGCCGATGGT

L A A d L A N

T AL s s s SR S o

1-3 51 GGCACCAAGAGATGTGCTTCTCAGAGCCTGAGGCTGAACGTGGATGTTTAGCAGCGTGACCGGCTACCA
1 3 CCGTGGTTCTCTACACGAAGAGTCTCGGACTCCGACTTGCACCTACAAATCGTCGCACTGGCCGATGGT

Fig 3. Sequance of t{5;14}q31 :q32) breakpoint region. (A) Nucleotide sequence of the BstEll/Hpat fragment indicated on Flg 2.
Nuclectides 1 to 36 represent the Jhd coding reglon underlined on the coding strand.® Nuclaotides 39 to 83 are a putstive N region. The

q from position 64 to 668 is that of the germline 1L-3 geno.® The IL-3 TATA box (485), transcription start {615), and initiation
mathionine (667) are underlined. Two proposed regulatory seq in the promotor are marked by asterisks {positions 182 and 389). (B}
Comparative sequence of the t(5:14){q31 :q32) breakpoint region. The lgJhd rogion is shown with its coding region, heptemer, and
nonamer underiined. Clone no. 4 ts shown with putative N region sequences underlined. The 1L-3 sequencs is also shown. A plus sign {(+)
d the identical nucleotide b sequ! No hep or nonamer is identifiad in the IL-3 sequence.
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intact as no deletions, insertions, or point mutations were
detected by restriction mapping of the entire gene and
sequencing of part of the gene. The IgH gene has been
truncated at the Jh4 region, which places the immunoglobu-
lin enhancer within 2.5 kb of the IL-3 gene."™* This leads to
the hypothesis that the enhancer is increasing transcription
of a structurally normal IL-3 gene. The same mechanism is
important for activation of the. c-myc gene in some cases of
Burkitt’s lymphoma.'”® An alternate hypothesis is that the
climination of an upstream IL-3 promotor element is crucial
to the activation of the IL-3 gene.

The proposed activation of the IL-3 gene suggests that an
autocrine loop is important for the pathogenesis of this
feukemia.® Over-expression of the IL-3 gene coupled with
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the presence of the 1L-3 receptor in these cells could account

for a strong stimulus for proliferation. In this regard, there
are data indicating that immature B-lineage lymphocytes
and B-lineage leukemias may expréss the [L-3 receptor, 222

An additional feature of this type of leukemia is the
dramatic eosinophilia, consisting of mature forms. It has
been hypothesized that the eosinophils do not arise from the
malignant clone, but are stimulated by the tumor.22
Because of the known effect of IL-3 on easinophil differentia-
tion, secretion of high levels of IL-3 by leukemic cells might
have a role in the eosinophilia in this type of leukemia.?

The data suggest that the recombination mechanism that
is active in the IgH gene during normal differentiation hasa
role in this translocation."™" This is supported by the break-
point location at the 5 end of Jh4 and the presence of
putative N-region sequences. On the other hand, no recombi-
nation signal sequence (heptamer and nonamer) was found
in this-region-on chromosome 5, suggesting that additional
factors also played a role. Further studies will elucidate the
mechanism of this and other translocations..

In the leukemia we studied, it is possible that the immuno-
globulin enhancer also activates the GM-CSF gene, since
this gene is prabably positioned only 14 kb away (Fig 4). This
is known to be within the range of enhancer activation.” The
interleukin-5 (IL-5) gene maps to chromosome 5q31.%
Deregulation of the IL-5 gene by this translocation would act
synergistically with IL-3 in the stimulation of eosinophil
proliferation and differentiation.” These and other questions
will be answered by the study of more patient samples. We
plan to determine whether the t(5;14)(q31;q32) transloca-
tion is capable of activating multiple lymphokines simulta-

neously and whether they cooperate in the generation of this
feukemia.
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RAPID COMMUNICATION

Activation of the Interleukin-3 Gene by Chromosome Translocation in Acute
Lymphocytic Leukemia With Eosinophilia '

By Timothy C. Meeker, Dan Hardy, Cheryl Willman, Thomas Hogan, and John Abrams

The 1(6:14)(q31:q32) translocation from B-lineage acute
tymphocytic leukemia with eosinophilia has been cloned
from two lsukemia samples. In both cases, this transloca-
tion joined the lgH gene and the interleukin-3 {IL-3) gene. In
one patient, excess IL-3 mRNA was produced by the
leukemic cells. In the second patient, serum IL-3 levels
were measured and shown to correlate with disease

| NUMBER OF chromosome translocations have been
associated with human leukemia and lymphoma. In
many cases the study of these translocations has led to the
discovery or characterization of proto-oncogenes, such as
bel-2, c-abl, and c-myc, that are located ‘adjacent to the
translocation."? It is now widely understood that cancer-
associated translocations disrupt nearby proto-oncogenes.

A distinet subtype of acute leukemia is characterized by
the triad of B-lineage immunophenotype, ecsinophilia, and
the t(5;14)(q31;q32) translocation.’® Leukemic cells from
such patients have been positive for terminal deoxynucleotidyl
transferase (Tdt), common acute lymphoblastic leukemia
antigen (CALLA), and CD19, but négative for surface or
cytoplasmic immunoglobulin. In previous work, we cloned
the t(5;14) breakpoint from one leukemic sample (Case 1)

and determined that the IgH and interleukin-3 (IL-3) genes

were joined by this abnormality.® In this report, we extend
those findings by showing that the ¢(5;14)(q31;q932) translo-
cation from a second leukemia sample (Case 2) has a similar
structure, and we report our study of growth factor expres-
sion in these patients,

MATERIALS AND METHODS

Samples and Southern blots. Case 1 has been described.s*
Clinical features of Case 2 have been described in detail.’? DNA
isolation and Southern blotting was done using previously described
methods.’ Filters were hybridized with an immunoglobulin Jh probe,
a 280 bp BamHI/EcoRI genomic IL-3 fragment, and an IL-3
¢DNA probe.™®

Northern blots. RNA isolation and Northern blotting have been
described.” Briefly, Northern blots were done by separating 9ug
total RNA on 1% agarose-formaldehyde gels. Bqual RNA loading in
cach lanc was confirmed by ethidium bromide staining. Blots were
hybridized with an IL-3 cDNA probe extending to the Xko I site in
exon S, 8 720 bp Sst 1/Kpn I probe derived from intron 2 of the IL-3
gene, a 600 bp Nhe 1/Hpa 1 1L-5 ¢cDNA probe, and a 500 bp Pst
I/Neco 1 granulocyte-macrophage colony stimulating factor (GM-
CSF) cDNA probe.'®'?

Polymerase chain reaction. Primers were designed with BarmHI
sites for cloning. One primer hybridized to the Jh sequences from the
TgH gene (Primer 144:5-TAGGATCCGACGGTGACCAGGGT),
and the other hybridized to the region of the TATA box in the IL-3
gene (Primer 161: 5“AACAGGATCCCGCCTTATATGTGCAG).
Polymerase chain reaction (PCR) (95°C for | minute, 61°C for 30
seconds, and 72°C for 3 minutes) was done using 500 ng genomic
DNA and 50 pmol of each primer in 100 uL containing 67 mmol/L
Tris-HCl pH 8.8, 6.7 mmol/L MgCl,, 10% dimethyl sulfoxide
(DMSO0), 170 ug/mL bovine serum albumin (BSA) (fraction V),

Blood, Vol 76, No 2 (July 16), 1990: pp 286-289

activity. There was no evidence of excess granulocyte/
macrophage colony stimulating factor {GM-CSF) or IL-5
expression.. Our data support the formulation that this
subtype of leukemia may arise in part because of &
chromosome translocation that activates the IL-3 gene,
resulting in autocrine and paracrine growth effects.

© 1990 by The American Soclety of Hematology.

16.6 mmol/L ammonium sulfate, 1.5 mmol/L each dNTP and Taq
polymerase (Perkin-Elmer, Norwalk, CT).?

Sequencing. Sequencing was done by chain termination in M13
vectors.' As part of this study, we sequenced a subclone of a normal

.. IL-3 promotor, covering 598 base,pairs from a Sma I site at position

~1240 (witbr respect to the proposed site of transeription initiation)
toan Nie I site at position —642, The plasmid containing this region
was a gift from Nacko Arai of the DNAX Research Institute.

Expression in Cos7 ¢cells. A genomic IL-3 fragment from Case 1
was cloned into the pXM expression vector.” Bricfly, the HindIIl/
Sal 1 fragment containing the IL-3 gene was sabcloned from the
previously .described phage clone 4 into pUCI8S5 The 2.6 kb
fragment extending from the Sma 1 site 61 bp upstream of the IL-3
transcription start to the Sma I site in the polylinker was cloned into
the blunted Xho I site of pXM. The negative control construct was
the pXM vector without fnsert. Plasmids were introduced into Cos7
cells by electroporation, and supernatant was collected after 48
hours in culture.

TF1 bioassay. TF-1 cells were passaged in RPMI 1640 supple-
mented with 10% heat-inactivated fetal bovine serum, 2 mmol
L-glutamine, and 1 ng/mL buman GM-CSF." Samples and antibod-
ies were diluted in this same medium lacking GM-CSF but contain-
ing penicillin and streptomycin. A 25 pL volume of serial dilutions of
patient serum was added to wells in a flat bottom 96-well microtiter
plate. Rat anti-cytokine monoclonal antibody in a volume of 25 ul
was added to appropriate wells and preincubated for 1 hour at 37°C.
Fifty microliters of twice washed TF-1 cells were added to each well,

- giving a final cell-concentration of 1 x 10* cells per well (final -

yolame, 100 gL). The plate was incubated for 48 hours. The
remaining cefl viability was determined metabolically by the colori-

From the Division of Hematology/Oncology 111H, Department
of Medicine, University of California and the Veterans Administra-
tion Medical Center, San Francisco, CA; the Center for Molecular
and Cellular Diagnostics, Department of Pathology and Cell
Biology, University of New Mexico, Albuquerque, NM: the Division
of Hematology/Oncology, Department of Medicine, West Virginia
University, Morgantown, WV; and DNAX Research Insiitute, Palo
Alto, CA. .

Submitted March 27, 1990; accepted April 19, 1990.

Supported in part by the University of California Cancer Re-
search Coordinating Committee and University -of New Mexico
Cancer Center funding from the state of New Mexico. The DNAX
Research Institute is supported by Schering-Plough.

Address reprint requests to Timothy C. Meeker, MD, Division of
Hematology/Oncology 111H, Department of Medicine, University
of California and the Veterans Administration Medical Center,
4150 Clement St, San Francisco, CA 94121,

© 1990 by The American Society of Hematology.

0006-4971/90/7602-002283,00/0

286



o L ) _ T RO P e ?:\‘—"':‘:—;_:ﬁ:
’ £ g
0 0
X -
286 MEEKER ET AL
1gIns g;mmmrmmmmmmm CAGTGTAACACTGTIGTT . GOGA -
FHEEEPPHEEFAEE S S HEA0 41444 HEE4EELEER 4 S .
CCAGRUTTOCCTA0CCOCAGGGGTORAACCA mmmccamnmeoeummrmmmn
Gtone ::WWWWQ_W‘WT*W—AWAWMMA
’ (-9“)N¢é'.¢:‘.‘:::t:::;:::t;:;ﬂ:::ﬁ«roouy
s st

COCCTCTCTGCAAACCTTGOCTACTOGACCTGCACCTOUCAAA'
3 ' GAGAAGAGACOTTTOUAACGAATGACCOGGACGTGRACOGTTTAGGT.

mmemmmmumﬂmmcmmo@ﬂ
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lon sequence (protein cading reglon and recombination signal

ig 1. B alnt sequances for Case 2. The gormline IgJhB reg C ) ign
se:uuences a::me:ined‘)lis on tap, the translocation sequence from Case 2 {PCR primer sequences and putative !;l reglon are underlined)
is in the middle, and the germiine iL-3 sequence, which we derived from a normal #L-3 clone, Is on the bottom.” -+ indicates that each

sequence has the same tide. The
gene accurred at position —934 (*).

metric method of Mosmann using a VMax microtiter plate r:adcr
(Molecular Devices, Menlo Park, CA) set at 570 and 650 nm.!
Cytokine {mmuncassays. These assays used rat monoclonal
anti-cytokine antibodies (10 ug/mL) to coat the wells of a PVC
microtiter plate. The capture antibodies used were -BVD3-6G8,

Slea,
7

JES1-39D10, and BVD2-23B6, for the IL-3, IL-5, and GM-CSF
assays, respectively. Patient sere were then added (undi!utefl and
diluted 12 for IL-3, undiluted for 1L-5, and uadiluted and dll_uted
1:5 for GM-CSF). The detecting immunoreagents used were cither
mouse antiserum to IL-3 or nitroiodophenyl (NIP)-derivatized rat
monoclonal antibodies JESI-5A2 and BVD2-21Cl1, specific for
IL-5 and GM-CSF, respectively. Bound antibody was subsequfnﬂy
detected with immunoperoxidase conjugates: horseradish peroxidase
(HRP)-labeled goat anti-mouse Ig for IL-3, or HRP-labeled rat Ja
MoAb) anti-NIP for IL-S and GM-CSF. The chromogenic sub-
strate was 3-3azino-bis-benzthiazoline sulfonate (ABTS; Sigma, St
Louis, MO). Unknown values were interpolated ‘from standard
curves prepared from dilutions of the recombinant factors using
Softmax software available with the VMAX microplate reader
(Molecular Devices).

RESULTS

Leukemic DNA from Case 2 was studied by Southern
blotting. When digested with the HindIII restriction enzyme
and hybridized with a human immunoglobulin heavy chal_n
joining region (Jh) probe, a rearranged fragment at approxi-

- inately 14 kb was detected (data not shown). Wheri reprobed

with either of two different IL-3 probes,.a rearranged 14 kb

23 #1

B PP
!
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te the head-to-head Joining of the IL-3 and IgH gonos. The breakpolnt in the IL-3

fragment, comigrating with the rearranged Jh fragment, was
identified. When leukemic DNA was digested with HindlIl
plus EcoRl, a rearranged Jh fragment was detected at 6 kb,
The IL-3 probes also identified a comigrating fragment of

— this size. These cxperimerits indicated that the leukemic

sample studied was clonal and that a single fragment
contained both Jh and IL-3 sequences, suggesting a translo-
cation had occurred.

To characterize better the joining of the IL-3 gene and the
immunoglobulin heavy chain (IgH) gene, the polymerase
chain reaction (PCR) was used to clone the translocation. '

- A Jhprimerand an J1-3 primer were designed to produce an

amplified product in the event of a head-to-head transloca-
tion. While control DNA gave no PCR product, Case 2 DNA
yielded 2 PCR-derived fragment of approximately 980 bp,
which was cloned and sequenced,

The DNA sequence of the translocation clone from Case 2
confirmed the joining of the Jh region with the promotor of
the IL-3 genec in a head-to-head configuration (Fig 1).
Sequence analysis indicated that the breakpoint on chromo-
some 14 was just upstream of the JhS coding region. The
breakpoint on chromosome S occurred 934 bp upstream of
the putative site of transcription initiation of the IL-3 gene.
We also determined that a putative N sequence of 17 bp was

‘inserted between the chromosome $ and chifoinosome 14
sequences during the translocation event."™ Figure 2 shows

PP R

05 Kb
—

. . This figure shows the two cloned breakpoints (arrows) In relation to
2. Rolationship of chromoesoms 5 breakpolnts to the IL-3 gene. Thi

th: l?lormal IL-3I gen:.""' One breakpoint oc::rred at position —462 and the other at 934 (arrows). In both circumstances, the

transtocations resulted in 8 head-to-head joining of the IgH gene and the IL-3 gena, leaving the nAiNA ang protetn coding reglons of the JL-3

gene intact. Boxes denota the five IL-3 exans; restriction enzymes are (B) BamH), (P) Pst|, (H) Hpall, (E} EcoRli, and (X) Xnol,



. Fig 3. Documentation of IL-3 mRNA over-expressian. A Northern blot was prepared and hybridized with a probe fbr IL-3. Lane 1
contalned RNA from unstimulated periphoeral bfood tymphocytes (PBL) as & negative control. Lane 2 contained RNA from PBL stimulated for

4 hours with concanavalien A (ConAl, and tane 3 contained RNA from PBL stimulated with ConA for 48 hours. As In the positive control
tanes (2 and 3), a 1 kb band was ldentifiad in the leukemic sample from Case 1 (lane 4, lower arrow), suggesting absrrant expression of the
IL-3 gene. In addition, the leukemic sample showed over-expression of an unspliced 2.9 kb IL-3transcript (lane 4, upper arrow). We
dogumanted that this represented an unspliced precurser of the mature 1 kb transcript by showing that this band hybridized to a probs
. fromintron 2 of the IL-3 geno. A similar 2.9 kb band was detectdd In“lans™2, suggesting that an IL-3 mRANA of this size Is sometimes
detectable in normal mitogen-stimulated cells. Lane 6 through 10 represent RNA from six samplos of B-linsage acute lymphocytic leukemia
without the t{6;14} translocation, indicating that only the sample with the transiocation exhibited iL-3 over-expression. Case 2 could not be

analyzed by Northern blot because too few cells ware available for study.

the locations of the two cloned breakpoints in relation to the
IL-3 gene. The two chromosome 5 breakpoints were sepa-
rated by less than 500 bp.

The genomic structure in Cases 1 and 2 suggested that a
normal IL-3 gene product was over-expressed as a result of
the altered promotor structure. This would predict that the
TL-3 gene on the translocated chromosome was capable of
making IL-3 protein. This prediction was tested by express-
ing a genomic fragment from the translocated allele of Case
1 containing all five IL-3 exons under the control of the SV40
promotor/enbancer in the Cos7 cell line. Cell supernatants
were studied in a proliferation assay using the factor depen-

dent erythroleukemic cell line, TF-1. The supernatants’

derived from transfections using the vector plus insert
supported TF-1 proliferation, while supernatants from trans-
fections using the vector alone were negative in this assay
"(datz ot shown). Furthiéfmore, the biologic activity could be
blocked by an antibody to human IL-3 (BVD3-6G8). This
result showed that the translocated allele retained the ability
to make IL-3 mRINA and protein.

The level of expression of IL-3 mRNA in leukemic cells
from Case 1 was assessed. Northern blotting showed that the
mature JL-3 mRNA (approximately 1 kb) and a 2.9 kb
unspliced IL-3 mRNA were excessively produced by the
leukemia (Fig 3). The 2.9 kb form of the mRNA is also
present at low lévels in normal peripheral blood T lympho-
cytes after mitogen activation (Fig 3). Several B-lineage
acute leukemia samples without the t(5;14) translocation
had undetectable levels of IL-3 mRNA in these experiments.
In addition, although genes for GM~CSF and IL-5 map close
to the IL-3 gene and might have been.deregulated by the
translocation, no IL-5 or GM-CSF mRNA could be detected
in the leukemic sample (data not shown).'%®

Three serum samples from Case 2 were assayed by
immunoassay for levels of IL-3, GM-CSF, and IL-5 (Table
1). Serum IL-3 could be detected and correlated with the
clinical course. When the patient’s leukemic cell burden was

I3
highest, the IL-3 level was highest. No serum GM-CSF or
IL-5 could be detected.

Since the IL-3 immunoassay measured only immunoreac-
tive factor, we confimed that biologically active IL-3 was
present by using the TF-1 bioassay. This bioassay can be
readered monospecific using appropriate neutralizing mono-
clonal antibodies specific for IL-3, IL-5, or GM-CSF. We
observed that sera from 1-16-84 and 3-14-84 contained TF-1
stimulating activity that could be blocked with anti—IL-3
MoAb (BVD3-6G8), but not with MoAbs to IL-5 (JES!-
39D10) or GM-CSF (BVD2-23B6) (Fig 4; GM-CSF data
not shown). The amount of neutralizable bioactivity in these
two samples correlated very well with the difference in IL-3
levels obtained by immunoassay for these samples. Further-
more, the failure to block TF-1 proliferating activity with
cither anti-IL-5 or anti-GM-CSF was consistent with the.,
inability to measure these factors by immunoassay .and

Table 1. Peripheral Blood Counts and Growth Factor Levels
’ at Different Times in Case 2

Sample Dats
11/16/83  1/16/84 3/14/84
Peripheral blood counts {cells/pL}
WBC 81,800 118,600 12,300
Lymphoblasts 0 33,785 0
Eosinophils 46,626 73,080 616
Serum growth factor levels (pg/mL)
iL-3 " <444 7,995 1,061
GM-CSF <18 <18 <16
L-6 <b0 <50 <560

Periphers! blood counts from Case 2 at three different time points with
the corresponding growth factor levels quantified by immunoassay. The
patient received chematherapy between 1/16/84 and 3/14/84 to lower
tis leukemic burden.’ No serum samples were available for a similar
analysis of Case 1,

Abbreviation: WBC, white blood cells,
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Fig'4. Bioassay of serum IL-3. Leukemic patient sera were tested for bloactive IL-3 and IL-6 in the TF-1 proliferation assay, The

reciprocal of the ditution i3 indicated on the horizontal axis and the optical

density indicating the amount of profiferation is indicated on the

vertical axis. Serum from all three tims points was agsayed simultaneously. The assay was rendered monospecific by using a 1 ug/mt. final
concontration of monoclonal rat anti-IL-3, BVD3-6G8 (W), or anti-IL-5, JES1-38D10 {A): O indicates no MoAb, On1/16/ 84 and 3/14/84,

Iy

. [nhibitlon of proliferation was evident in the presence.of anti-IL-3 antibody, documenting serum levels of K-S on those days.‘Serum 11.-6
was not detected in this assay, as anti-IL-5 did not alter TF-1 proliferation. -

indicated that these other myeloid growth factors were not
detectably circulating in the serum of this patient.

DISCUSSION

In this report, we have extended our analysis of acute
Iymphocytic leukemia and eosinophilia associated with the
t(5;14) translocation. In both cases we have studied, we have
documented the joining of the IL-3 gene from chromosome §
to the IgH gene from chromosome 14. The breakpoints on
chromosome 5 are within 500 bp of each other, suggesting
that additional breakpoints will be clustered in 2 small region
of the IL-3 promotor. The PCR assay we have developed will
be useful in the screening of additional clinical samples for
this abnormality.

The finding of a disrupted IL-3 promotor associated with
an otherwise normal IL-3 gene implied that this transloca-
tion might lead to the over-expression of a normal IL-3 gene
product. In this work, we have documented that this is trye.
In addition, neither GM-CSF nor IL-5 are over-expressed by
the leukemic cells. Furthermore, in one patient, serum IL-3
could be measured and correlated with disease activity. To
our knowledge, this is the first measurement of human IL-3
in serum and its association with a disease process. The
measurement of serum IL-3 in this and other clinical settings
may now be indicated.

The finding of the IL-3 gene adjacent to a cancer-
associated translocation breakpoint suggests that its activa-
tion is important for oncogenesis. It is our thesis that an
autocrine loop for IL-3 is important for the evolution of this
leukemia.” The excessive IL-3 production that we have
documented would be one feature of such an autocrine loop.
The final proof of our thesis must await additional data. In
particular, from the study of additional clinical samples, it
will be necessary to document that the IL-3 receptor is
present on' the leukemic cefls and that anti—IL-3 antibody
decreases proliferation of the leukemia in vitro.

An important aspect of this work is the suggestion of a
therapeutic approach for this disease. If an autocrine loop for
IL-3 can be documented in this disease, attempts to lower
circulating IL-3 levels or block the interaction of IL-3 with
its receptor may prove useful. Because it is also possible that
the eosinophilia in these patients is mediated by the para-
crine effects of leukemia-derived IL-3, similar interventions _
may improve this aspect of the disease. Antibodies or
engineered ligands to accomplish these goals may soon be
available.
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~ Clinical and Pathologic Significance of the

c-erbB-2 (HER-2/neu) Oncogene
Timothy P. Singleton and John G. Strickier »

The c-erbB-2 oncogene was first shown to have clinical significance in 1987 by
Slamon et al,™ who reported that c-erbB-2 DNA amplification in breast carcino-
mas correlated with decreased survival in patients with metastasis to axillary
lymph nodes. Subsequent studies, however, of c-erbB-2 activation in breast
carcinoma reached conflicting conclusions about its clinical significance. This
oncogene also has been reported to have clinical and pathologic implications in

other neoplasms. Our review summarizes these various studies and examines -

the clinical relevance of c-erbB-2 activation, which hes not been emphasized in
recent reviews, %5 The molecular biology of the c-erbB-2 oncogene has been
extensively reviewedd®:5 and will be discussed only briefly here.

- S oema

BACKGROUND

The c-erbB-2 oncogene was discovered in the 1980s by three lines of investiga-
tion. The neu oncogene was detected as a mutated transforming gene in
neuroblastomas induced by ethylnitrosurea treatment of fetal rats,87474% The c-
erbB-2 was 2 human gene discovered by its homology to the retroviral gene v-
erbB.®.4.% HER-2 was isolated by screening a human genomic DNA library for
homology with v-erbB.2¢ When the DNA sequences were determined suhse-
quently, c-erbB-2, HER-2, and neu were found to represent the same gene.
Recently, the c-erbB-2 oncogene also has been referred to as NGL.

The c-¢erbB-2 DNA is located on human chromosome 17q21%338 and codes
for c-erbB-2 mRNA (4.6 kb), which translates c-erbB-2 protein (p185). This
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protein is a normal component of cytoplasmic membranes. The c-erbB-2
oncogene is homologous with, but not identical to, c-erbB-1, which is located
on chromosome 7 and codes for the'epidermal growth factor receptor.21%-The c-
erbB-2 protein is a receptor on cell membranes and has intracellular tyrosine
kinase activity and un extracellular binding domain.%!® Electron microscopy
with a polyclonal antibody detccts c-erbB-2 immunoreactivity on cytoplasmic

membranes of neoplasms, especially on microvilli and the non-villous outer cell

membranc.®! In normal cells, immunohistochemical reactivity for c-erbB-2 is

-frequently present at the basolateral membrane or the cytoplasmic membrane’s

brush border, 28

There is experimental evidence that c-erbB-2 protein may be involved fn

the pathogenesis of breast neoplasia. Overproduction of otherwise normal c-
erbB-2 protein can transform a cell line into a malignant phenotype.® Also,
when the néii orfébgene containing an activating point mutation'is placed in
transgenic mice with a strong promoter for increased expression, the mice
develop multiple independent mammary adenocarcinomas. 1% In other experi-
ments, monoclonal antibodies against the neu protein inhibit the growth (in
nude mice) of a neu-transformed cell line,%-% and immunization of mico with
neu protein protects them from subsequent tumor challenge with the neu-
transformed cell Jine.!4 Some authors have speculated that the use of antago-
nists for the unknown ligand could be useful in future chemotherapy.® Further
review of this experimental evidence is beyond the scope of this article.

The c-erbB-2 activation most likely occurs at an early stage of neoplastic
development. This hypothesis is supported by the presence of c-erbB-2 activa-
tion in both in sitn and invasive breast carcinomas. In addition, studies of
metastatic breast carcinomas usually demonstrate uniform c-erbB-2 activation
at multiple sites in the same patient, 153,452 glthough c-erbB-2 activation has
rarely been detected in metastatic lesions but not in the primary fumox.5%%8.17
Even more rarely, c-erbB-2 DNA amplification has been detected in a primary
breast carcinoma but not in its lymph node metastasis.5 In patients who have
bilateral breast neoplasms, hoth lesions have similar patterns of c-erbB-2 activa-
tion, but only a few such cases have been studied.!!

MECHANISMS OF c-erbB-2 ACTIVATION

The most common mechanism of c-erbB-2 activation is genomic DNA amplifice-
tion, which almost always results in overproduction of c-erbB-2 mRNA and
protein, 1734658 The c-erbB-2 amplification may stabilize the overproduction of
mRNA or protein through unknown mechanisms. Human breast carcinomas
with c-erbB-2 amplification contain 2 to 40 Hmes more c-erbB-2 DNA%S and 4 to
128 times more c-erbB-2 mRNA% than found in normal tissue. Most human
breast carcinomas with c-erbB-2 amplification have 2 to 15 times more c-erbB-2
DNA. Tumors with greater amplification tend to have greater overproduc-
tion. 175265 The non-mammary neoplasms that have been studied tend to have

o
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similar levels of c-erbB-2 amplification or overproduction relative to the corre-
sponding normal tissue. .

The second most common mechanism of c~erbB-2 activation is overproduc-
tion of c-erbB-2 mRNA and protein without amplification of c-erbB-2 DNA. 8
The quantities of mRNA and protein usually are less than those in amplified
cases and may approach the small quantities present in normal breast or other
tissues. 183 The c-¢rbB-2 protein overproduction without mRNA overproduc-

tion or DNA amplification has been described in a few human breast carcinoma
cell lines. 7

Other rare mechanisms of c-erbB-2 activation have been reported. Translo-

cations involving the c-érbB-2 gene have been described in a few mammary and
gastric carcinomas, although some reported cases mey represent restriction
fragment-length polymorphisms.or incomplete restriction enzyme digestions
that mimic translocations. 3L6S.78420,105 A sirigls point mutation in the transmem-
brane portion of neu has been described in rat neuroblastomas induced by
ethylnitrosurea.®% The mutated neu protein has increased tyrosine kinase activ-
ity and aggregates at the cell membrane. 198.% Although there has been specula-

tion that some of the amplified c-erbB-2 genes may contein- point mutations, %
none has been detected in primary human neoplasms, 41,581

TECHNIQUES FOR DETECTING c-erbB-2 ACTIVATION

Detection of c-erbB-2 DNA Amplification

Amplification of c-erbB-2 DNA is usually detected by DNA dot blot or South-
ern blot hybridization, In the dot blot method, the extracted DNA is placed
directly on a nylon membrane and hybridized with a c-erbB-2 DNA probe. In
the Southern blot method, the extracted DNA is treated with .a restriction
enzyme, and the fragments are separated by electrophoresis, transferred to a
nylon membrane, and hybridized with a c-erbB-2 DNA probe. In both tech-
niques, c-erbB-2 amplification is quantified by comparing the-intensity (nea-
sured by densitometry) of the hybridization bands from the sample with those
from control tissue.

Several technical problems may complicate the measurement of c-erbB-z
DNA amplification. First, the extracted tumor DNA may be excessively de-
graded or diluted by DNA from stromal cells.® Second, the c7bB-2 DNA
probe must be carefully chosen and labeled. For example, oligonucleotide o
erbB-2 probes may not be sensitive enough for measuring a low level of c-erbB-
2 amplification, because diploid copy numbers can be difficult to detect (unpub-
lished data). Third, the total amounts of DNA in the sample and control tissue

‘must be compensated for, often with a probe to an unamplified gene. Many

studies have used control probes to genes on chromosome 17, the location of c-
erbB-2, to correct for possible alterations in chromosome number. Identical
results, however, are obtained by using control probes to genes on other chro-
mosomes,5%:® with rare exception.!” Studies using control probes to the beta-




12/09/2003 17:11 FAX 310 208 3871

® -

INFO_6

2
h
5
2%

. RTTr
it S N L

(33

doos

. 168 T.P:SNGLETON AND J.G, STRICKLER

globin genemmst be interpreted with caution, because one allele of this gene is

-deleted occafonally in breast carcinomas.?

Amplifiméion of c-erbB-2 DNA was assessed by using the polymerase
chain reaction (PCR) in one recent study.® Oligoprimers for the c-erbB-2 gene
and a contrdlgene are added to the sample’s DNA, and PCR is performed. If
the sample cantains more copies of c-erbB-2 DNA than of the control gene, the

- c-grbB-2 DMA is replicated preferentially.

Detection:sf c-erbB-2 mRNA Overproduction )
Overprodudiion of c-erbB-2 mRNA usually is measured by RNA dot blot or
Northern bist hybridization. Both techniques require extraction of RNA but
otherwise axe analogous to DNA dot blot and Southern blot hybridization. Use
of PCR for-detection. of c-¢FbB-2’ mRNA has been described in<two recent
abstracts. 2

Overpmaduction of c-erbB-2 mRNA can be measured by in situ hybridiza-
tion, Sectias are mounted on glass slides, treated with protease, hybridized
with a radidhbeled probe, washed, treated with nuclease to remove unbound
probe, and developed for autoradiography. Silver grains are seen only over

turaor cells that overproduce c-erbB-2 mRNA. Negative control probes are
used.%.%.1%Qur experience indicates that these techniques are relatively insensi-*

tive for detecting c-erbB-2 mRNA overproduction in routinely processed tis-
sue. Althowgh the sensitivity may be increased by modifications that allow.
simultaneous detection of c-erbB-2 DNA and mRNA, in situ hybridization still
is cumbersome and expensive (unpublished data).

All of the above c-erbB-2 mRNA detection technigues have several prob-
lems that make them more difficult to perform than techniques for detecting

. DNA amplification. One major problem is the rapid degradation of RNA in

tissue that i not immediately frozen or fixed. In addition, during the detection
procedure, RNA can be degraded by RNase; a ubiquitous enzyme, which must
be eliminated meticulously from laboratory solutions. Third, control prabes to

genes that are umformly expressed in the tissue of mterest need to be carefully
selected. S -z

Detectlon of c-erbB-2 Proteln Overproduction
The most accurate methods for detecting c-¢rhB-2 protein overproduction are

" the Westem blot method and immunoprecipitation. Both techniques can docu-

ment the binding specificity of various antibodies agatnst c-erbB-2 protein. In

" Western blot studies, protein is extracted from the tissue, separated by electro-

phoresis (aecording to size), transferred toa membrane, and detected by using an-
tibodies to c-¢rbB-2. In immunoprecipitation studies, antibodies against c-erbB-
2 are added to a tumor lysate, and the resulting protein—antibody precipitate is
separated by gel electrophoresis and stained for protein. Both Western blot and
immunoprecipitation are useful research tools but currently are not practical for
diagnostic pathology. Two recent abstracts have deseribed an enzyme-linked
immunosorbent assay (ELISA) for detection of c-erbB-2 protein. 1245
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Overproduction of c-erbB-2 protein is most commonly assessed by various
immunohistochemical techniques. These procedures often generate conflicting i
results, which are explained at least partially by three factors. First, various

“studies have used. different polyclonal and monoclonal antibodies. Because
some polyclonal antibodies recognize weak bands in addition to the c-erbB-2 . :
protein band on Western blot or immunoprecipitation, the results of these
studies should be interpreted with caution, 52348 Even some monoclonal anti-
-bodies immunoprecipitate protein bands in addition -to c-erbB-2 (p185) 1508
Second, tissue fixation contributes to varlability between studies. For example,

. some antibodjes detect c-erbB-2 protein only in frozen tissue and do not react
in fixed tissue. In general, formalin fixation diminishes the sensitivity of !
framunohistochemical methods and decreases the number of reactive cells.®.88 |

. " When_Bouin’s-fixative is-used,-there may be a higher' percentage of positive
. . cases.® Third, minimal eriteria for interpreting immunohistochemical staining

are generally lacking. Although there is general agreement that distinct crisp

cytoplasmic membrane staining is diagnostic for c-erbB-2 activation in breast

.carcinoma, the number of positive cells and the staining intensity required to
diagnose c-erbB-2 protein overproduction varies from study to study and from
antibody to antibody. Degradation of c-rbB-2 protein is not a problem because
it can be detected in intact form more than 24 hours after tumor resection .
“without fixation or freezing. ®

e aren ot

ACTIVATION OF c-erbB-2 IN BREAST LESIONS

e

Incidence of c-erbB-2 Activation
Most studies of c-erbB-2 oncogene activation do not specify histological sub-
types of infiltrating breast carcinoma. Amplification of c-erbB-2 DNA was found
in 19.1 percent (519 of 2715) of invasive carcinomas in 25 studies (Tuble 1), and
c-erbB-2 mRNA or protein overproduction was detected in 20.9 percent (566 of
2714) of invasive carcinomas in 20 studies. Twelve studies have documented ¢-

- erbB-2 mRNA or protein overproduction in 15 percent (88 of 604) of carcinomas

~ that lacked c-erbB-2 DNA amplification. '

The incidence of c-erbB-2 activation in infiltruting breast carcinoma varies
with the histological subtype. Approximately 22 pereent (142 of 650) of infiltrat-
ing ductal carcinomas have c-erbB-2 activation, as expected from the above
data. Other variants of breast carcinome with frequent c-erbB-2 activation are i
inflammatory carcinoma (62 percent, 54 of 87), Paget's disease (82 percent, 9 of
11), and medullary carcinoma (22 percent, 5 of 23). In contrast, c-erbB-2 activa-
tion is infrequent in inBltrating lobular carcinoma (7 percent, 5 of 73) and
tubular carcinoma (7 percent, 1 of 15),

The c-erbB-2 protein overproduction is present in 44 percent (44 of 100) of
ductal carcinomas in situ and especially comedocarcinoma in situ (68 percent,
49 of 72). The micropapillary type of ductal carcinoma in situ also tends to have
c-erbB-2 activation, 8.8 especielly if larger cells are present. The greater fre-
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» ‘ quency of c-erbB-2 protein overproduction in comedocarcinoma in situ, com-

' - pared with infiltrating ductal carcinoma, could be explained by the fuct that
many infiltrating ductal carcinomas arise from other types of intraductal carci-
noma, which show c-erbB-2 activation infrequently. Others have speculated

- that carcinoma in siti with c-erbB-2 activation tends to regress or to lose c-
erbB-2 activation during progression to-invasion, %32 Infiltrating and in situ
components of ductal carcinoma, however, usually are similar with respect to ¢
erbB-2 activation, 1 aJthough some authors have noted more heterogeneity of .
the immiunohistochemical staining pattern in invasive than in in situ carci-
noma.#3.8 Activation of.c-erbB-2 is infrequent in lobular carcinoma in situ. .If
lesions contain more than one histological pattern of carcinoma in situ, the c-
¢rbB-2 protein overproduction tends.to occur in the comedocarcinoma in situ

i .z but may includs other areas of carcinomain situ. .58 Overproduction of ¢-
~ erbB-2 protein in ductal carcinoma in situ correlates with larger cell size and a
periductal lymphoid infiltrate.c
~ Activation of c-erbB-2 has not been identificd in benign breast lesions, o]
including fibrocystic disease, fibroadenomas, and radial scars (Table 9), Strong
membrane immunchistochemical reactivity for c-erbB-2 has not been described
inatypical ductal hyperplasia, although weak accentuation of membrane staining
has been noted infrequently.2%25 In normal breast tissuc, c-erbB-2 DNA is
diploid, and c-erbB-21s expressed at lower levels than in activated tumors. T
. ot These preliminary data suggest that c-erbB-2 activation may not be useful
. for resolving many of the common problems in diagnostic surgical pathology. For
' ‘ - example, c-erbB-2 activation is infrequent in tubular carcinoma and radia) scars. -
In addition, becanse c-erbB-2 activation is unusual in atypical ductal hyperplasia, ‘
eribriform carcinoma in situ, and papillary carcinoma in situ, detection of c-erbB- I
2 activation in these lesions may not be helpful in their differential diagnosis. The o
histological features of comedocarcinoma in situ, which commonly overproduces '
c-erbB-2, are unlikely to be mistaken for those of benign lesions.- Activation of

. -TABLE 2. c-erbB-2 ACTIVATION IN BENIGN HUMAN BREAST LESIONS . ]

cerbB-20NA  cerbB2mRNA  c-erbB-2 Protein
Histologlcal Diagnosis Amplifications Overproduction Overproduction

Flbrocystic disease 0710% —_ -0/32,%.0/9,% 0/t !
Atypical ductal hyperplasia - —_ 2(weak)/21,
1(cytoplasmio)/13® i
: Benign ductal hyperplasia - - oiz=
. 1 Sclerosing adenosls —_ -— 0/4% -
i Fibroadenomas 0/16,% 0/6,® 0/6,55 0/3% 0/21,220/10,%0 . 3
: : 02,2 o/1™ 0/8,8 0/3%2 4
Radial scarg . —_ — o/22% ;
Blunt duct adenosis - ~— 0/14%2
“Breast mastosls® — 0/3% -

. ' “Shown as number of cases with activationnumber of cases studied; reference ls given as a superscript.
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c-erbB-2, however, does favor infiltrating ductal carcinoma over mﬁltratmg
lobularcarcinoma. Further studies of these issues would be useful,

Correlation of ¢c-erbB-2 Activation With Pathologic Prognostlc Factors

- Multiple studies have attempted to correlate c-erbB-2 activation with various

pathologic prognostic factors (Table 3). Activation of c-erbB-2 was correlated
with lymph node metastasis in 8 of 28 series, with higher histological grade in6
of 17 series, and with higher stage in 4 of 14 series. Large tumor size was not
associated with c-erbB-2 activation in most studies (11 of 14). Tetraploid DNA
content and low prolifération, measured by Ki-67, have been suggested as
prognostic factors and may correlate with c-erbB-2 activation. 57

Correlation of c-erbB-2 Activation With Clinical Prognostic Fastors
Various studies have attempted also to correlate c-erbB-2 activation with clinical
features that may predict a poor outcome (Table 4). Activation of c-erbB-2
correlated with absence of estrogen receptors in 10 of 28 series and with ab-
sence of progesterone receptors.in 6 of 18 series. In most studies, patient age
did not correlate with c-erbB-2 activation, and, in the rest of the reports, c-
erbB-2 activation was associated with either younger or older ages.

Correlation of c-erbB-2 Activation With Patlent Outcome
Slamon et al®#! first showed that amplification of the c-erbB-2 oncogene inde-
pendently predicts decreased survival of paticnts with breast carcinoma. The

correlation of c-erbB-2 amplification with poor outcome was nearly as strong as

the correlation of number of invilved lymph nodes with peor outcome. Slamon
et al also reported that c-erbB-2 amplification is an important prognostic indica-

tor only in patients with lymph node metastasis, ™.

A large number of subsequent studies also attempted to correlate c-erbB-2
activation with prognosis (Table 5). In 12 series, there was a correlation be-
tween c-erbB-2 activation and tumor recurrence or decressed survival, In five
of these series, the predictive value of c-erbB-2 activation was reported to be
independent of other prognostic factors. In contrast, 18 series did not confirm
the correlation of c-erbB-2 activation with recurrence or survival. Four possible
explanations for this controversy are discussed below.

One problem is that c-erbB-2 amplification .correlates with progaosis
mainly in patients with lymph node metastasis. As summarized in Table 5, most
studies of patients with axillary lymph node metastasis showed a correlation of
c-erbB-2 activation with poor outcome. In contrast, most studies of patients
without axillary metastasis have not demonstrated a correlation’ with patient
outcome. Table 6 summarizes the studies in which all patients (with and with-
out axillary metastasis) were considered as one group. There is a trend for
studies with a higher percentage of metastatic cases to show an association
between c-erbB-2 activation and poor outcome. Thus, most of the current
evidence suggests that c-erbB-2 activation has prognostic value only in patients
with metastasis to lyraph nodes.
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TABLE 6. CORRELATION OF c-erbB-2 ACTIVATION WITH OUTCOME IN PATIENTS

WITH BREAST CARCINOMA
Number of Patlants
With
Type of Motastastls to : :
c-erbB-2 Axillary . No " Statistical .

P Activation® Tote! LymphNodes Metastasls Analysis® Reference
<0.05 DNA 176 M 87
<0.06 DNA 61 u 60
<0.05 DNA 57 U 65
<0.06 DNA 41 U a3
«<0.05 mRNA 62 U 65
<0.05 ~ Protein 102 P M 101
<0.05 ONA 345 M 81
<0.05 DNA 120 v 7
<0.05 DNA 91 4] 87
<0.05 DNA 86 M 70,
<0.05 Protein-WB' 350 - M 85
<0.05 Protein 62 44 v 101
0.05-0.15 DNA 57 V) in
0.05-0.15 Protsln 189 M o2
0.05-0.15 Proteln 120 ) 86
>0.15 DNA 130 u. 118
>0.16 DNA {122 M 4
>0,18 DNA 50 U 44
>0.16 mRNA 57 U 50
>0.15 Protein 290 M 88
>0.15 Proteln 198 U 1
>0.15 Protein 102 U 39
>0.15 Protein 137 1] 17
>0.186 DNA 181 M 81
>0.15 DNA - 159 ] 17
>0.15 DNA : 73 V) 87
>0.15 Protein-WB 378 U a5
>0.18 Protein-WB 182 U 17
>0.15 Protein 141 u 86
>0.,15 Protein 41 u 40

“The endpolnts of these sludles wera tumor racurrence or decreasad surviva! ot both. Carrelation between ¢~

erbB-2 activation and a poorer patlent cutcoma Is stalistically significant at <0.05, is of aquivocal significance
a) 0.05 to 0.15, and is not significant at >0.15.

5Shown as variable measured. Letters “WB" Indicate assay by Western biol; the other protein studles used

immunohistochamical method®.
M = multivariata siatistical anslysts; U

= univariels statistical enalysls.
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TABLE 6. PERCENTAGE OF BREAST CARCINOMAS WITH METASTASIS COMPARED
WITH PROGNOSTIC SIGNIFICANCE OF c-e7bB-2 ACTIVATION )

71 (DNA)®
. 70«
% of tumors with
lymph node
metastasis in -
sach study 64(DNA)I# 84 (mRNA)®
61 (DNAY2 §1(DNAY
. 80- . ‘
89 (DNAY
58(Proteln)er 58 {DNAY4
57 (DNA)'19
- 55(Proteln)»
50- :
48(Protein)1
46(Protein)ts
42(Protein)s2
40-
| ‘ —}— {
P<0.05 0.05<P<0.16 P>016 .

P for comefation of c-erbB-2 activation with patient outcome. :
Each study’s parcantage of breast carcinomas with metastasis is compared with the correlafion botwasn o
arbB-2 astivation and oulcome. These data include only those studles that consideted, as one group, aft breast

cancer patients, whether or not they had exiliary metastasis. Suparscripts are the refarsnces. In parenthesas
are the lypas of c-0rb8-2 activation. P values are interprated as i Table 3.

A second problem s that various types of breast carcinoma are grouped
together in many survival studies. Because the cirrrent literature suggests that
c-erbB-2 activation is infrequent in lobular carcinoma, studies that combine
infiltrating ductal and lobular carcinomas may dilute the prognostic effect of c-

-erbB-2.activation in ductal tumors. In addition, most studies do not analyze

inflammatory breast carcinoma separately. This condition frequently shows c-
erbB-2 activation and has a worse prognosis than the usual ammary carci-
noma, but it is an uncommon lesion.

A third potential problem is the paucity of studies that attempt to correlate

- c-erbB-2 activation with clinical outcome in subsets of breast carcinoma without

metastasis. Two recent abstracts reported that in patients without lymph node
metastasis who had various risk factors for recurrence (such as large tumor size

and absence of estrogen receptors), c-erbB-2 overexpression predicted early

recurrence.® In patients with ductal carcinoma in situ, one small study found
no association between tumor recurrence and c-erbB-2 activation. <

A fourth problem is the lack of data regarding whether the prognosis
correlates better with c-erbB-2 DNA amplification or with mRNA or protein
overproduction. Most studies that find a correlation between c-erbB-2 activa-




12/09/2003 17:15 FAX 310 208 5971 INFO 6

oD

Ro1s

178 TP. SINGLETON AND J.G, STRICKLER

tion and poor patient outcome measure c-erbB-2 DNA amplification (Table 5), :
and breast carcinoma patients with greater amplification of c-erbB-2 may have

poorer survival ®4 Recent studies suggest that amplification has more prognos-

tic power than overproduction, 7343 but the clinical significance of c-erbB-2

overproduction without DNA amplification deserves further research, 115 Few

studies heve attempted to correlate patient outcome with c-grbB-2 mRNA -

overproduction, and many studies of c-erbB-2 protein overprodiction use rela- ) .
tively less reliable methods such es immunohistochemical studies with poly- i
clonal antibodies. ' ' C ' ’

Comparison of c-erbB-2 Activation With Other Oncogenes in . §
Breast Carcinoma _ E ]
Other oncogenes that may have prognostic implications in.human breast cancer o0
are reviewed elsewhere.”.1% This section will be restricted to a comparison

" between the clinical relevance of c-erbB-2 and these other oncogenes. . :

) The c-myc gene is often activated in breast carcinomas, but c-myc activa- .

tion generally has less prognostic importance than c-erbB-2 activation, 847,618 '
One study found a correlation between increased mRNAs of c-erbB-2 and -
myc, although other reports have not confirmed this, 341% Subsequent research,
however, could demonstrate a subset of breast carcinomas in which ¢-myc has
more prognostic importance than c-erbB-2. '

The gene c-erbB-1 for the epidermal growth factor receptor (EGFR) is
homologous with c-¢rbB-2 but is infrequently amplified in breast carcinomas.™
Overproduction of EGFR, however, occurs more frequently than amplification !
and may correlate with a poor prognosis. In studies that have examined both c- e I
erbB-2 and EGFR in the same tumor, c-erbB-2 has a stronger correlation with ‘
poor prognostic factors. %42 Studies have tended to show no correlation between
amplification of c-erbB-2 and c-erbB-1 or overproduction of c-erbB-2 and EGFR,
althaugh at the molecular level EGFR mediates phosphorylation of c-erbB-2
protein, 512618819 Recent reviews describe EGFR in breast carcinorna, €100

The genes c-¢7bA and ear-1 are homologous to the thyroid hormone recep-
tor, aud they are located adjacent to c-erbB-2 on chromosome 17.-These genes
are frequently coumplified with c-erbB-2 in breast carcinomas. The absence of
c-erbA expression in breast carcinomas, however, is evidence against an fmpor-
tant role for this gene in breast neoplasia,® Amplification of c-erbB-2 can aocur !
without ear-1 amplification, and these tumors have & decreased survival that is
similar to tumors with both c-erbB-2 and ear-1 amplification.®” Consequently,
c-erbB-2 amplification seems to be more important than amplification of c-erbA
or ear-1.

Other genes also have been compared with c-erbB-2 activation in breast
carcinomas. One study found a significant correlation between increased c-erbB-
2 mRNA and increased mRNAs of fos, platelet-derived growth factor chain A,
and Ki-ras.'% Allelic deletion of c-Ha-ray may indicate a poorer prognosis in
breast carcinome,? but it has not been compared with c-erbB-2 activation. Some
studies have suggested a correlation between advanced stage or recurrence of

* breast carcinoma and activation of any one of several oncogenes, 219
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ACTIVATION OF c-erbB-2 IN NON-MAMMARY TISSUES

Incidence of c-erbB-2 Activation in Non-Mammary Tissues
Table 7 summarizes the normal tissues in which c-erbB-2 expression has been
detected, usually with immupohistochemical methods using polyclonal anti-

TABLE 7. PRESENCE OR ABSENCE OF c-erbB-2 mRNA OR ¢-erbB-2 PROTEIN IN

NORMAL HUMAN TISSUES
Tissues With oo
c=orbB-2 Tissues Producing  Tissues Lacking Tissues Lacking
mRNA c-erbB-2 Proteln*  c-arbB-2mRNA ¢-erbB-2 Proteln
Skin2 Epldeunls“ < e
External root sheaths
Ecorine sweat gland®
. Fetal oral mucosa® Postnatat oral mucosa®
Fetal esophagus® Postnatal esophagus®
Stomach Stlomachzas:
. Fotal intestingt2e
Jejunums* Smal) Intesting2292
Colon?* Colonz2
Kidney2* Fetal iddneys Kidneys® Glomerulus® )
- Postnatal Bowman's capsule®
Fetal proximal tubule®2 Postnatal proximal tubule®
Distal tubules?
Fetal collecting ductt2 Postnatal collecting ducte2
Felal rensl pelvigs? Postnatal renal palvis®
Fetal ureter® Postnatal fetal uretert?
Livers Hepatocytes® Liveress
- Pancreatic acini2
Pancreatic ducts25? .
Endocrine cells of islsts Pancreatic islets®
of Langerhans®
tung¥ . Fetaltrachea® | Postnatal trachea®
' ~ ™ Fotal bronchioless Posinatal bronchloles®
Bronchioles®
Postnatal alveolie2»
Fetal brain® Postnatal brain®
Fetal ganglion calls® Postnatal ganglion cells®
Thyrold!
Uterus2*
- OVWIZ
Blood vessels® Endothalium®2
Placanta .
. Adrenocortioal cells®
' Postnatal thymus®?
Fibroblasts®?
Smooth muscle cefls®
Cardiac muscle cellg®

*This proteln study used Waslem biots: the rast used Immunchistochemical msthods,

et e ot e ki e )
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bodies. Only a few studies have been performed, and some of these do not
demonstrate convineing cell membrane reactivity in the published photo-

graphs. The interpretations in these studies, however, are listed, with the -

caveat that these findings should be confirmed by immunoprecipitation or
Western or RNA blots. Production of c-erbB-2 has been identified in normal
epithelium of the gastrointestinal tract and skin. Discrepancies regarding o

_erbB-2 protein in other tissues could be due, at least in part, to differences in

techniques.

The data on c-erbB:2 activation in various non-mammary neoplasms
should be interpreted with caution, because only small numbers of tumors have

" been studied, usually by fmmunohistochemical methods using polyclonal anti-

bodies. Studies using cell lines have been excluded, becsuse cell culture can
induce amplification and overexpression of other genes, although this has not
been documented for c-erbB-2. o

Activation of c-erbB-2 has been identified in 32 percent (84 of 203) of
ovarian carcinomas in eight studies (Table 8). One abstract¢* stated that ovarian
carcinomas contained significantly more c-erbB-2 protein than ovirian non-
epithelial malignancies. Another report® showed that 12 percent of ovarian
carcinomas had c-e7bB-2 overproduction without amplification.

Activation of c-erbB-2 has been identified in 20 percent (40 of 108) of
gastric adenocarcinomas in seven studies, including 33 percent (21 of 64) of

TABLE 8. c-erbB-2 ACTIVATION IN HUMAN GYNECOLOGIC TUMORS=

c-erbB-2 c-erbhB-2

mRNA Protein
c-orbB-2 DNA Over- - Over-
Tummnor Type Amplification productién  produciion
Ovary—carcinoma, not otherwise 311208 171157 23/678t 2377312
spocified 0/5,'%7 0/5,% 0/3,112 36/720
. . 0/2,7 0/1110
Ovary—serous (papliiary) carcinoma 10 177,112 Ofg72 - -

" Ovary—endometriold carcinoma ot e -
Ovary—mucinous carcinoma 172 %0 0/{2 -— -—
Ovary—clear cell carcinoma 0/22 0172 : - —
Ovary—mixed epitheflal carcinoma o/en ) - -
Ovary—endometrioid borderline umor 0/1r - -
Ovary—mucinous borderline tumor 0/37e —_— —
Ovary—serous cystadenoma o/4r — -—
Ovary--mucinous cystadsnoma or2® - -
Quary—sclarosing stramal tumor onr - -
Ovary-—~fibrothecoma onm - -
Uterus—eandometrial adenacarcinoma 074,84 071110 — -

4Shown as number of cases with amplification (or overproduction)Aotal number of cases studled; reforence ia
givan as suparsoripl. All protein studles used Immunohistachemical methods.

e et esreminn s e o i — . 4 . ‘ ‘ I' J
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intestinal or tubular subtypes und 9 percent (4 of 47) of diffuse or signet ring cell
subtypes (Table 9). Activation of c-erbB-2 has been detected in. 2 percent (6 of

" 281) of colorectal carcinomas, although an additional immunohistochemical

study detected c-erbB-2 protein in seven of eight tissues fixed in Bouin’s solu-
tion. One study found greater immunohistochemieal reactivity for c-erbB-2

protein in colonic adenomatous polyps than in the adjacent normal epithelium, -

using Bouin'’s fixative. Lesions with anaplastic features and progression to inva-
sive carcinoma tended to show decreased immunohistochemical reactivity for c-
erbB-2 protein.® Heépatocellular carcinomas (12 of 14 cases) and cholangiocarci-

nomas (46 of 63 cases) reacted with antibodies against c-erbB-2 in one study, but

some of these “positive” cases showed only diffuse cytoplasmic staining, which

TABLE 9. ‘c-érbB-2 ACTIVATION IN HUMAN QASTROINTESTINAL TUMORS

oerbB-2
Protein
‘ c-erbB-2 DNA Over-
Tumor Type Amplification . ' production

Esophagus——squamous cell carcinoma o/1v0r 0/1®!
Stomath--—carcinoma, poorly differentiated Q/22102 . —
Stomach-—adenocarcinoma 2/24, 213,107 2/g 11 4/27,2 311081

28,7 /1500
Stomach—carcinoma, intestinal or tubular type 5/10102 16/64=
Stomasch—carclnoma, diffuse or signel ring celt type  O/21s 445>
Colorectum—carcinoma 2049, 1145, 1/22, 7/p2

1/45,57 1/45,80

0/40,% 0/32,197 9/3%
Colon—villous adenoma Vi LY -
Colon—tubulovilious adenoma 0/580 -
Colon—tubutar adenoma orze 19/19%2»
Colon—-hyperplastic polyp /490 : —_—
Intestine—Ielomyosarcoma - o
Hepatocellular carcinoma 0/121 12/14,% o/281
Hepatohlastoma o717 -~
Cholanglocarcinoma - 46/63%

" Pancreas—adendcarcinoma —_ 2/60,41c 0/26%
Pancreas—acinar carginoma —_ o/1e
Pancreas—clear cell carcinoma —_— 0720
Pancreas——{arge cell carcinoma _— 0/3¢
Pancreas—signet ring carcinoma — ons
Pancreas—chronic Inflammation — 0/144tc

*Shown as number of cases with amplification (or overproduction)ilotal number of cases studied; reference is

glven as auperscript. All protsin studies used immunohistochemical methods. No studles analyzed for o-8rbB-
2 mANA.

*Tissuss Hxed in Bouin's solution.
“Only cases with distinct membrane stalning are intetpreted as showlng c-erbB-2 ovarproduction,
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TABLE 10. c-erbB-2 ACTIVATION (N HUMAN PULMONARY TUMORS=2

. cerbB-2
’ . c-erbB-2 DNA Protein
Tumor Type Amplification Overproduction

Non-small cgll carcinoma 2/60,%s 0/60%1 1/84%
Epldermold carcinoma 013,22 0/10,57 O/62 3/6% )
Adenocarcinoma’ 0/21,22 1/13,® 077,11 077,57 0347 412%
Large cell carcinoma 0/9,%= /6> . —
Small call carcinoma ~— ’ 0/26,5 0/3%
Carcinold tumor 0= 0/3%

eShown as number of cases with ampliication (or averproduction)otal mumber of cases studied; referenca Is
given as superseript. Alf proteln studies used Immunohistochemical methods. No studies analyzed for c-srbB-
2 mRNA. ' : : S

does not indicate c-erbB-2 activation in breast neoplasms.® Also, some pancre-
atic carcinomas and chronic pancreatitis tissue had cytoplasmic immunohisto-
chemical reactivity for c-erbB-2 protein, in addition to the rare case of pancre-
atic adenocarcinoma with distinet cell membrane staining.

- Tables 10 through 14 summarize the studies of c-arbB-2 activation in other
neoplasms. The c-erbB-2 oncogene is not activated fn most of these tamors.
Activation of c-erbB-2 has been detected in 1 percent (4 of 299) of pubmonary
non-small cell carcinomas in nine studies, although one additional report®
found c-erbB-2 protein overproduction in 41 percent (7 of 17). Renal cell carci-
noma had c-erbB-2 activation in 7 percent (2 of 30) in four studies. Overprodue-
tion of e-erbB-2 protein was described in one transitional cell-carcinoma of the
urinary bladder, a grade 2 papillary lesion.5 Squamous cell carcinoma and basal

cell carcinoma of the skin may contain c-erbB-2 protein, but it is not clear

TABLE 11. c-erb8-2 ACTIVATION IN HUMAN HEMATOLOGIC PROLIFERATIONS*

cerbB-2 c-erbB-2
. mRNA . Protein
carhbB-2 DNA Over Over.
Tumor Yype Amplifieation production production
Hematologic malignancles 0723111 ' —_ -
Mallgnant lymphoma 078,57 /307 o/t 0/15%
Acute leukemia 0/1457 - —
Acute lymphoblastic leukemia /4107 —_ —
Aoute myeloblastic leukemia 0/317 —_— -
Chronic leukemla /165 - ‘ -
Chronle lymphooytio leukemia o7 - -
Chronic myelogenous leukemla 0787 - -—
Myeloproliferative disorder o716 —_ -

2Shown as number of cases with amplification {or ovarproduction)totat number of cases studiad; reference Is
given as sisparseript. All proteln studles used Immunochistochemical methods.
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TABLE 12. c-erbB-2 ACTIVATION IN HUMAN TUMORS OF SOET TISSUE AND BONE*

t-erbB-2DNA° -~

Tumor Type Amplification
Sarcoma 0/10," Q/g%7
Malignant fibrous histiocytoma 071167
Liposarcoma 0/3107
Pléomorphic sarcome o711
Rhabdomyosarcoma o
Osteogenio sarcoma - 0/2,7 o257
Chondrosarcoma o/
Ewing’s sarcoma /e
Schwannoma ons

3Shown as number of cazes with amplificatlon (or overproduction\tolal number of cases studled: refesence Is
glven as superscripl. No studies analyzed for ¢-erbB-2 mRNA o1 c-erbB-2 protoln.

whether the protein level is increased over that of normal skin.® Thyroid
* carcinomas and adenomas can have low levels of increased c-erbB-2 mRNA.
, One abstract.described low-level c-erbB-2 DNA amplification in one of ten

salivary gland pleomorphic adenomas.

‘ : Correlation of ¢-erbB-2 Activation With Patient Outcome _

‘ : - Very few studies have attempted to correlate c-erbB-2 nctivation in non-
Mmammary tumors with outcome.  Slamon et al*! showed that c-erbB-2 amplifica-
tion or overexpression In ovarian carcinomas correlates with decteased survival,
especially when marked activation is present. However, they did not report the
stage, histological grade, or histological subtype of these neoplasms. Another
study of stages III and IV -ovarian carcinomas found a correlation between
decreased survival and c-erbB-2 protein overproduction, but not between sur-
vival and histological grade. s One abstract stated that c-erbB-2 protein overpro-

duction in 10 of 18 pulmonary adenccarcinomas correlated with decreased -

disease-free interval, ™ Another abstract described a tendency for immunohisto-

~ TABLE 13. c-erbB-2 ACTIVATION IN HUMAN TUMORS OF THE URINARY TRACTs

- cerbB-2 cerbB-2
mRNA Proteln .
oarbB-2 ONA Over- Qvar-
Tumor Type Ampfification produciion production
Kldney—renal cell carcinoma 1/6,57 1/4,107 /584 0/16'% —
Wilms' tumor 0/4s7 - —
Prostate~adenccarcinoma - - 0/23%
Urinary bladder—carcinomna — — 1/48%

*Shown as number of cases with ampitication (or overproduclion)/iotal number of cases studied; refarence Is
given as superseript. ANl protein studies used immunohistochemicat methods,
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TABLE 14, c-a7bB-2 ACTIVATION IN MISCELLANEOUS HUMAN TUMORS»

. - crerbB-2
c-erbB-2 Protein
DNA c-erbB-2 mRNA Over-
Tumor Type Amplification Overproduction production
" Skin—malignant melanoma - - 0M0s
Skin, head and neck—squamous /717 - -
cell carcinoma '
Site not stated—squamous cell 0/8, 0/2m - —
carcinoma
Salivary gland—adenocarcinoma mnm -~ -
Parotid gland—adenold cystic - - ons
carcinoma . .
“Thyrold—anaplastic carcinoma o T Tum -
Thyrold—paplliary carcinoma o/5' 3(low levels)/5t —
Thyrold—gdenocarcinoma 01 - - -
Thyrold—adenoma o/2! " 1(low levels)/2r -
Neuroblastoma 0/35% 0/8,57 01178 * -— —
Meningloma 0/2s - T -

*Shown a8 number of cases with amplification {or ovarproduction)/iotal number of cases studled; reference Is

givan as suparecript. All protsin studies used Immunohistochemioal methods.

- chemical reactivity for c-erbB-2 protein to correlate with higher grades of pros-

tatic adenocarcinoma.”” Additional prognostic studies of ovarian carcinomas arid
other neoplasms are needed. '

SUMMARY

Activation of the c-erbB-2 oncogene can occur by amplification of c-erbB-2
DNA and by overproduction of c-erbB-2 mRNA and v-erbB-2 protein. Approxi-
mately 20 percent of breast carcinomas-show evidence of c-erbB-2 activation,
which correlates with a poor prognosis primarily in patients with metastasis to
axillary lymph nodes. Studies that have attempted to correlate c-erbB-2 activa-
tion with other prognostic factors in breast carcinoma have reported conflicting
conclusions. The pathologic and clinical significance of c-erbB-2 activation in
other neoplasms is unclear and should be assessed by additional studies.
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cts. If these minor cell proteins differ among cells to the same extent as the
re abundant proteins, as is commonly assumed, only a small number of pro-
g in differences (perhaps several hundred) suffice to create very large differences
;'cell morphology and behavior.

ACell Can Change the Expression of Its Genes
in Response to External Signals 3

Most of the specialized cells in a multicellular organism are capable of altering
{heir patterns of gene expression in response to extracellular cues. If a liver cell
is exposed to.a glucocorticoid hormone, for example, the production of several
specific proteins is dramatically increased. Glucocorticoids are released during
periods of starvation or intense exercise and signal the liver to increase the
production of glucose from amino acids and other small molecules; the set of
proteins whose production is induced includes enzymes such as tyrosine amino-

B {mnsferase, which helps to convert tyrosine to glucose. When the hormone is ho

longer present, the production of these proteins drops to its normal level.

Other cell types respond to glucocorticoids in different ways. In fat cells, for
example, the production of tyrosine aminotransferase is reduced, while some
~ other cell types do not respond to glucocorticoids at all. These examples illistrate
ageneral feature of cell specialization—different cell types often respond in dif-
ferent ways to the same extracellular signal, Underlying this specialization are
features that do not change, which give each cell type its permanently distinc-
tive character. These features reflect the persistent expression of different sets of
genes.

Gene Expression Can Be Regulated at Many of the Steps
inthe Pathway from DNA to RNA to Protein 4

I differences between the various cell types of an organism depend on the par-
ticular genes that the cells express, at what level is the control of gene expression
exercised? There are many steps in the pathway leading from DNA to protein, and
all of them can in principle be regulated. Thus a cell can control the proteins it
makes by (1) controlling when and how often a given gene is transcribed (tran-
scriptional control), (2) controlling how the primary RNA transcript is spliced or
otherwise processed (RNA processing control), (3) selecting which completed
mRNAs in the cell nucleus are exported to the cytoplasm (RNA transport con-
trol, (4) selecting which mRNAs in the cytoplasm are translated by ribosomes

(translational control), (5) selectively destabilizing certain mRNA molecules in -

the Cytoplasm (mRNA degradation control) » Or (6) selectively activating, inacti-
vating, or cdmpartmentalizing specific protein molecules after they have been
made (protein actlvity control) (Figure 9-2).

For most genes transcriptional controls are paramount. This makes sense
l{ecause, of all the possible control points ilustrated in Figure 9-2, only transcrip-
tional control ensures that no superfluous intermediates are synthesized. In the

NUCLEUS | §CYTOSOL mRNA
“degradation 5
. control., -

RN I
~RNA

procéssing: -§ transport translation - a.| protein
.gontrof . eoitro) ‘controf - - activity
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e

AnQeryje,, of Gene Control

Figure 9-2 Six steps at which
eucaryote gene expression can be
controlled. Only controls that operate
at steps 1 through 5 are discussed in
this chapter. The regulation of protein

- activity (step 6) is discussed in

Chapter 5; this includes reversibie’
activation or inactivation by protein
phosphorylation as well as
irreversible inactivation by proteolytic
degradation.
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. following sections we discuss the DNA and protein components that regulate the
initiation of gene transcription. We return at the end of the chapter to the other
ways of regulating gene expression.

Summary

The genome of a cell contains in its DNA sequence the information to make many
thousands of different protein and RNA molecules. A cell typically expresses only d
fmction ofits genes, and the different types of cells in multicellular organisms arise
because different sets of genes are expressed. Moreover, cells can change the pattern
of genes they express in response to changes in their environment, such as signals from
other cells. Although all of the steps involved in expressing a gene can in principle be
" regulated, for most genes-the initiation of RNA transcription is the most important
point of control.

DNA-binding Motifs in Gene
Regulatory Proteins °

How does a cell determine which of its thousands of genes to transcribe? As dis-
cussed in Chapter 8, the transcription of each gene is controlled by a regulatory
region of DNA near the site where transcription begins. Some regulatory regions
are simple and act as switches that are thrown by a single signal. Other regula-
tory regions are complex and act as tiny microprocessors, responding to a vari-
ety of signals that they interpret and integrate to switch the neighboring gene on
or off. Whether complex or simple, these switching devices consist of two fun-
damental types of components: (1) short stretches of DNA of defined sequence
and (2) gene regulatory proteins that recognize and bind to them.

We begin our discussion of gene regulatory proteins by describing how these
proteins were discovered.

Gene Regulatory Proteins Were Discovered Using
Bacterial Genetics ¢

Genetic analyses in bacteria carried out in the 1950s provided the first evidence
of the existence of gene regulatory proteins that turn specific sets of genes on
or off. One of these regulators, the lambda repressor, is encoded by a bacterial
virus, bacteriophage lambda. The repressor shuts off the viral genes that code for
the protein components of new virus particles and thereby enables the viral ge-
nome to remain a silent passenger in the bacterial chromosome, multiplying with
the bacterium when conditions are favorable for bacterial growth (see Figure
6-80). The lambda repressor was among the first gene regulatory proteins to be
characterized, and it remains one of the best understood, as we discuss later.

Other bacterial regulators respond to nutritional conditions by shutting off genes
encoding specific sets of metabolic enzymes when they are not needed. The lac
repressor, for example, the first of these bacterial proteins to be recognized, turns
off the production of the proteins responsible for lactose metabolism when this
sugar is absent from the medium.

The first step toward understanding gene regulation was the isolation of
mutant strains of bacteria and bacteriophage lambda that were unable to shut
off specific sets of genes. It was proposed at the time, and later proved, that most
of these mutants were deficient in. prot(ems acting as specific repressors for these
sets of genes. Because these proteins, like most gene regulatory proteins, are
present in small quantities, it was difficult and time-consuming to isolate them.
They were eventually purified by fractionating cell extracts on a series of stan-
dard chromatography columns (see pp. 166-169). Once isolated, the pro-
teins were shown to bind to specific DNA sequences close to the genes that they
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Summary ,

The many types of cells in animals and plants are created largely through mecha-
nisms that cause different genes to be transcribed in different cells. Since many spe-
cialized animal cells can maintain their unique character when grown in culture, the
gene regulatory mechanisms involved in creating them muist be stable once estab-
lished and heritable when the cell divides, endowing the cell with a memory of its
developmental history. Procaryotes and Yeasts provide unusually accessible model
systerns in which to study gene regulatory mechanisms, some of which may be rel-
evant to the creation of specialized cell types in higher eucaryotes. One such mecha-
nism involves a competitive interaction between two (or more) generegulatory pro-
teins, each of which inhibits the synthesis of the other; this can create a Jlip-flop
switch that switches a cell between two alternative patterns of gene expression. Di-
rect or indirect positive feedback loops, which enable gene regulatory proteins to
perpetuate their own synthesis, provide a general mechanism for cell memory.

In eucaryotes gene transcription is generally controlled by combinations of gene
regulatory proteins. It is thought that each type of cell in a higher eucaryotic organism
contains a specific combination of gene regulatory proteins that ensures the expres-
sion of only those genes appropriate to that type of cell. A given gene regulatory pro-
tein may be expressed in a variety of circumstances and typically is involved in the
regulation of many genes. -

In addition to diffusible gene regulatory proteins, inherited states of chromatin
condensation are also utilized by eucaryotic cells to regulate gene expression. In ver-
tebrates DNA methylation also plays a part, mainly as a device to reinforce decisions
about gene expression that are made initially by other mechanisms.

Posttranscriptional Controls

Although controls on the initiation of gene transcription are the predominant
form of regulation for most genes, other controls can act later in the pathway
from RNA to protein to modulate the amount of gene product that is made. Al-
though these posttranscriptional controls, which operate after RNA polymerase
bound to the gene's promoter and begun RNA synthesis, are less common
AN transcriptional control, for many genes they are crucial. It seems that every
Step in gene expression that could be controlled in principle is likely to be regu-
lated under some circumstances for some genes.
We consider the varieties of posttranscriptional regulation in temporal or-
&, according to the sequence of events that might be experienced by an RNA

Molecule after jtg transcription has begun (Figure 9-72),

P"sm"aﬂst:riptional Controls

Figure 9-71 A mechanism to explain
both the marked deficiency of CG
sequences and the presence of CG
islands in vertebrate genomes. A
black line marks the location of an
unmethylated CG dinucleotide in the
DNA sequence, while a red line marks
the location of a methylated CG

dinucleotide.
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Transcription and translation are the means by which cells read out, or express,
the genetic instructions in their genes. Because many identical RNA copies can
be made from the same gene, and each RNA molecule can direct the synthesis
of many identical protein molecules, cells can synthesize a large amount of
protein rapidly when necessary. But each gene can also be transcribed and
translated with a different efficiency; allowing the cell to make vast quantities of
some proteins and tiny quantities of others (Figure 6-3). Moreaver, as we see in
the next chapter, a cell can change (or regulate) the expression of each of its
genes according to the needs of the moment—most obviously by controlling
the production of its RNA. '

Portions of DNA Sequence Are Transcribed into RNA

The first step a cell takes in reading out a needed part of its genetic instructions
is to copy a particular portion of its DNA nucleotide sequence—a gene—into an
RNA nucleotide sequence. The information in RNA, although copied into another
chemical form, is still written in essentially the same language as it is in DNA—
the language of a nucleotide sequence. Hence the name transcription.

Like DNA, RNA is a linear polymer made of four different types of nucleotide
subunits linked together by phosphodiester bonds (Figure 6-4). It differs from
DNA chemically in two' respects: (1) the nucleotides in RNA are
ribonucleotides—that is, they contain the sugar ribose (hence the name ribonu-
cleic acid) rather than deoxyribose; (2) although, like DNA, RNA contains the
bases adenine (A), guanine (G), and cytosine (C), it contains the base uracil (U)
instead of the thymine (T) in DNA. Since U, like T, can base-pair by hydrogen-
bonding with A (Figure 6-5), the complementary base-pairing properties
described for DNA in Chapters 4 and 5 apply also to RNA (in RNA, G pairs with
C, and A pairs with U). It is not uncommon, however, to find other types of base
pairs in RNA: for example, G pairing with U occasionally.

' Despite these small chemical differences, DNA and RNA differ quite dra-
matically in overall structure. Whereas DNA always occurs in cells as a double-
stranded helix, RNA is single-stranded. RNA chains therefore fold up into a
variety of shapes, just as a polypeptide chain folds up to form the final shape of
aprotein (Figure 6-6). As we see later in this chapter, the ability to fold into com-
plex three-dimensional shapes allows some RNA molecules to have structural
and catalytic functions. ’

Transcription Produces RNA Complementary to
One Strand of DNA

All of the RNA in a cell is made by DNA transcription, a process that has cer-
tain similarities to the process of DNA replication discussed in Chapter 5.
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Figure 6-3 Genes can be expresseq
with different efficiencies. Gene A s
transcribed and translated much more
efficlently than gene B.This allows the
amount of protein A in the cell to be
much greater than that of protein B,
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Figure 6—89 Protein aggregates that cause human disease. (A) Schematic illustration of the type of
conformational change In a protein that produces materlal for a cross-beta filament. (B) Diagram illustrating
. the self-infectious nature of the protein aggregation that Is central to prion diseases. PrP is highly unusual
.‘ because the misfolded version of the protein, cailed PrP*, induces the nbrmal PrP protein it contacts to
change its conformation, as shown. Most of the human diseases caused by protein aggregation are caused by
the overproduction of a variant protein that is especially prone to aggregation, but because this structure is
not infectious in this way, it cannot spread from one animal to another. (C) Drawing of a cross-beta filament,
a common type of protease-resistant protein aggregate found in a variety of human neurological diseases.
Because the hydrogen-bond interactions in a B sheet form between polypeptide backbone atoms (see Figure
3-9), a number of different abnormally folded proteins can produce this suructure. (D) One of several
possible models for the conversion of PrP to PrP*, showing the likely change of two a-helices into four
$-strands. Although the structure of the normal protein has been determined accurately, the structure of the
infectious form Is not yet known with certainty because the aggregation has prevented the use of standard

structural techniques. (C, courtesy of Louise Serpell, adapted from M. Sunde et al., J. Mol Biol 273:729-739,
1997; D, adapted from S.B. Prusiner, Trends Biochem. Sdi. 21:482—487, 1996.)

animals and humans. It can be dangerous to eat the tissues of animals that con-
tain PrP*, as witnessed most recently by the spread of BSE (commonly referred
to as the “mad cow disease”) from cattle to humans in Great Britain.
Fortunately, in the absence of PrP*, P1P is extraordinarily difficult to convert
to its abnormal form. Although very few proteins have the potential to misfold
into an infectious conformation, a similar transformation has been discovered

to be the cause of an otherwise mysterious “protein-only inheritance” observed
in yeast cells.

There Are Many Steps From DNA to Protein

We have seen so far in this chapter that many different types of chemical reac-
tions are required to produce a properly folded protein from the information
contained in a gene (Figure 6-90). The final level of a properly folded protein in
a cell therefore depends upon the efficiency with which each of the many steps
is performed.

We discuss in Chapter 7 that cells have the ability to change the levels of
their proteins according to their needs. In principle, any or all of the steps in Fig-
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ure 6-90) could be regulated by the cell for each individual protein. However, as
we shall see in Chapter 7, the initiation of transcription is the most common
point for a cell to regulate the expression of each of its genes. This makes sense,
inasmuch as the most efficient way to keep a gene from being expressed is to

block the very first-step—the transcription of its DNA sequence into an RNA
molecule.

Summary

The translation of the nucleotide sequence of an mRNA molecule into protein takes
place in the cytoplasm on a large ribonucleoprotein assembly called a ribosome. The
amino acids used for protein synthesis are first attached to a family of tRNA
molecules, each of which recognizes, by complementary base-pair interactions, par-
ticular sets of three nucleotides in the mRNA (codons). The sequence of nucleotides in
the mRNA is then read from one end to the other in sets of three according to the
genetic code.

To initiate translation, a small ribosomal subunit binds to the mRNA molecule
at a start codon (AUG) that is recognized by a unique initiator tRNA molecule. A
large ribosomal subunit binds to complete the ribosome and begin the elongation
phase of protein synthesis. During this phase, aminoacyl tRNAs—each bearing a
specific amino acid bind sequentially to the appropriate codon in mRNA by forming
complementary base pairs with the tRNA anticodon. Each amino acld is added to the
C-terminal end of the growing polypeptide by means of a cycle of three sequential
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Figure 6~90 The production of a

protein by a eucaryotic cell. The fina)
level of each protein in a eucaryotic cell
depends upon the efficiency of each step
deplcted.
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Gene Expression Can Be Regulated at Many of the Steps
in the Pathway from DNA to RNA to Protein

If differences among the various cell types of an organism depend on the partic-
ular genes that the cells express, at what level is the control of gene expression
exercised? As we saw in the last chapter, there are many steps in the pathway
leading from DNA to protein, and all of them can in principle be regulated. Thus
a cell can control the proteins it makes by (1) controlling when and how often a
given gene is transcribed (transcriptional control), (2) controlling how the RNA
transcript is spliced or otherwise processed (RNA processing control), (3)
selecting which completed mRNAs in the cell nucleus are exported to the cytosol
and determining where in the cytosol they are localized (RNA transport and
localization control), (4) selecting which mRNAs in the cytoplasm are translated
by ribosomes (translational control), (5) selectively destabilizing certain mRNA
molecules in the cytoplasm (mRNA degradation control), or (6) selectively acti-
vating, inactivating, degrading, or compartmentalizing specific protein
molecules after they have been made (protein activity control) (Figure 7-5).

For most genes transcriptional controls are paramount. This makes sense
because, of all the possible control points illustrated in Figure 7-5, only tran-
scriptional control ensures that the cell will not synthesize superfluous interme-
diates. In the following sections we discuss the DNA and protein components
that perform this function by regulating the initiation of gene transcription. We
shall return at the end of the chapter to the additional ways of regulating gene
expression.

Summary

The genome of a cell contains in its DNA Sequence the information to make many
thousands of different protein and RNA molecules. A cell typically expresses only a
Jraction of its genes, and the different types of cells in multicellular organisms arise
because different sets of genes are expressed. Moreover, cells can change the pattern
of genes they express in response to changes in their environment, such as signals
Jrom other cells. Although all of the steps involved in expressing a gene can in prin-
ciple be regulated, for most genes the initiation of RNA transcription is the most
.Important point of control.

| DNA-BINDING MOTIFS IN GENE REGULATORY
- PROTEINS '

. How does a cell determine which of its thousands of genes to transcribe? As
;- mentioned briefly in Chapters 4 and 6, the transcription of each gene is con-
: trolled by a regulatory region of DNA relatively near the site where transcription
-begins. Some regulatory regions are simple and act as switches that are thrown
-DY a single signal. Many others are complex and act as tiny microprocessors,
€sponding to a variety of signals that they interpret and integrate to switch the
eighboring gene on or off. Whether complex or simple, these switching devices

NA-BINDING MOTIFS IN GENE REGULATORY PROTEINS

Figure 7-5 Six steps at which
eucaryotic gene expression can be’
controlled. Controls that operate at
steps | through 5 are discussed ip this
chapter. Step 6, the regulation of protein
activity, includes reversible activation or
inactivation by protein phosphorylation
(discussed in Chapter 3) as well as
irreversible inactivation by proteolytic
degradation (discussed in Chapter €).
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occur in the germ line, the cell lineage that gives rise to sperm or eggs. Most of -

the DNA in vertebrate germ cells is inactive and highly methylated. Over long

periods of evolutionary time, the methylated CG sequences in these inactive .

regions have présumably been lost through spontaneous deamination events
that were not properly repaired. However promoters of genes that remain active
in the germ cell lineages (including most housekeeping genes) are kept
unmethylated, and therefore spontaneous deaminations of Cs that occur with-
in them can be accurately repaired. Such regions are preserved in modern day
vertebrate cells as CG islands. In addition, any mutation of a CG sequence in the
genome that destroyed the function or regulation of a gene in the adult would be
selected against, and some CG islands are simply the result of a higher than nor-
mal density of critical CG sequences.

The mammalian genome contains an estimated 20,000 CG islands. Most of
the islands mark the 5’ ends of transcription units and thus, presumably, of
genes. The presence of CG islands often provides a convenient way of identify-
ing genes in the DNA sequences of vertebrate genomes.

Summary

The many types of cells in animals and plants are created largely through mecha-
nisms that cause different genes to be transcribed in different cells. Since many

specialized animal cells can maintain their unique character through many cell .

division cycles and even when grown in culture, the gene regulatory mechanisms
involved in creating them must be stable once established and heritable when the
cell divides. These features endow the cell with a memory df its developmental history.
Bacteria and yeasts provide unusually accessible model systems in which to Study
gene regulatory mechanisms. One such mechanism involves a competitive interac-
tion between two gene regulatory proteins, each of which inhibits the synthesis of the
other; this can create a flip-flop switch that switches a cell between two alternative

_ patterns of gene expression. Direct or indirect positive feedback loops, which enable

gene regulatory proteins to perpetuate their own synthesis, provide a general mech-
anism for cell memory. Negative feedback loops with programmed delays form the
basts for cellular clocks. .

In eucaryotes the transcription of a gene is generally controlled by combinations
of gene regulatory proteins, It is thought that each type of cell in a higher eucaryotic
organism contains a specific combination of gene regulatory proteins that ensures
the expression of only those genes appropriate to that type of cell. A given géne regu-
latory protein may be active in a variety of circumstances and typically is involved
in the regulation of many genes. :

In addition to diffusible gene regulatory proteins, inherited states of chromatin
condensation are also used by eucaryotic cells to regulate gerie expression. An espe-

- cially dramatic case is the inactivation of an entire X chromosome in female mam-

mals. In vertebrates DNA methylation also functions in gene regulation, being used
mainly as a device to reinforce decisions about gene expression that are made ini-
tially by other mechanisms. DNA methylation also underlies the phenomenon of
genomic imprinting in mammals, in which the expression of a gene depends on
whether it was inherited from the mother or the father.

POST.TRANSCRIPTIONAL CONTROLS

In principle, every step required for the process of gene expression could be
controlled. Indeed, one can find examples of each type of regulation, although
any one gene is likely to use onlya few of them. Controls on the initiation of
gene transcription are the predominant form of regulation for most genes. But
other controls can act later in the pathway from DNA to protein to modulate
the amount of gene product that is made. Although these posttranscriptional
controls, which operate after RNA polymerase has bound to the gene's promoter
and begun RNA synthesis, are less common than transcriptional control, for

‘many genes they are crucial.

\ POSTTRANSCRIPTIONAL CONTROLS

VERTEBRATE-ANCESTOR DNA

methylation of
most CG sequences
in germ line

many millions of years
of evolution

VERTEBRATE DNA

CGisland

Figure 7-86 A mechanism to explain
both the marked overall deficiency
of CG sequences-and their clustering
into CG islands in vertebrate
genomes. A black fine marks the location
of a CG dinucleotide in the DNA
sequence, while a red “lollipop” indicates
the presence of a methyl group on the
CG dinucleotide. CG sequences that lie in
regulatory sequences of genes that are
transcribed in germ cells are unmethylated
and therefore tend to be retained in
evolution. Methylated CG sequences, on
the other hand, tend to be lost through
deamination of 5-methyl C to T, unless the
CG sequence is critical for survival.
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Regulation of transcription
Geres XT (j97) CHA, op, QUM -R48,

Bet\samw\ Leudmn

The phenotypic dilferences that distinguish the
various Kinds of cells in a higher eukarvole are

fargely due to differences in the expression of °

cenes that code for proteins. that is. those tran-
:('-ribed by RNA polvmerase [1. In principle. the
'e,\'pression of these genes might be regulated at
any one ol several stages. The concepi of the
-level of ‘control™ implies that gene expression
"is nol necessarily an automatic process once it
has begun. It could be regulaled in-a gene-
specific way al any one of several sequential
steps. \We can distinguish (at least) five poten-
tial control points. forming the series:

Activalion of gene struclure

‘Initiation of transcription
{

Processing the transcript
Transport, 1o cvtoplasm
Translation of mRNA

The existence of the first step is implied by
the discovery that genes may exisl in either of
wo structwral conditions. Relative to the state
of most of the genome. genes are found in
- “active™ state in the cells in which they
are expressed (see Chapler 27). The change of
siructure is distinel from the act of lranscrip-
tion, and indicates thal the gene is “transcrib-
able.” This suggests that acquisition of the
“aclive” structure must be the first step in gene
expression. )

Transcription of a gene in the active state is

{41

controlled at the stage of iniliation. that is, by

the interaction of RNA polymerase with its pro-
moter. This is now becoming susceptible 10
analysis in the in vitro systems (see Chapler
28). For most genes. this is a major control
point: probably it is the most common level of
regulation, ’ ’

There is at present no evidence for control
at subsequent stages of transcription in eukary-
otic cells, for example. via antitermination
mechanisms. o

The primary transcript is modified by capping
at the 5’ end, and usually also by polyadenyla-
tion at the 3° end. Introns must be spliced out
from the wanscripts of interrupted genes. The
mature RNA must be exported from.the nudeus
10 the cytoplasm. Regulation of gene expression
by selection of sequences at the level of nuclear
RNA might involve any or all of these stages,
but the vne for which we have most evidence
concerns changes in splicing: some genes are
expressed by means of alternative splicing pat-
terns whose regulation controls the ype of pro-
tein product (see Chapter 30).

Finally. the translation of an mRNA in the cylo-
plasm can be specifically controlled. There is litite
evidence for the employment of this mechanism in
adult somatic cells. bul it does ocrur in some
embryonic situations. as described in ‘Chapter 7.
The mechanism is presumed to involve the block-
Ing of initiation of translation of some mRANAs by
specific protein factors. '

But-having acknowledged that control of gene
expression can occur al multiple stages, and
that production of RNA cannot inevitably be
equated with production of protein; it is ‘clear
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that the overwhelming majority of regulatory
events occur at.the. initiation of transcription.
Regulation of tissue-specific gene transeription
lies at the heart of eukaryotic differentiation;
indeed, we see examples in Chapter 38 in
which proleins that regulate embryonic devel-
opment prove Lo be lranscription factors. A reg-
ulatory transcription factor serves lo provide

Response elements identify

regulation

The principle that emerges from characlerizing

- groups of genes under common control is that

they share a promoler element that is recognized
by a regulatory transcription factor. An element
that causes 4 gene to respond to such a factor
is called a response element; examples are the
HSE (heat shock response element), GRE
(glucocorticoid response element), SRE (serum
response element). .
The properiies of some inducible transcription
factors and the elements that they recognize are
summarized in. Table 29.1. Response elements
have the same general characteristics as
upstream elements of promolers or enhancers.
They contain short consensus sequences, and

_copies of the response elements found in dif-

ferent genes are glosely related, but not neces-
sarily identical. The region bound by the factor
extends for-a short distance on either side of

Table 28.1 Inducible transcription factors bind to

response elements that identify groups of sromoters

or enhancers subject to coordinate control.

RAegulatory Agent  Module Consensus

Factor
Heat shock HSE  CNNGAANNTCCNNG HSTF
Glucocorticoid GRE  TGGTACAAATGTTCT Receptor
Phorbot ester TRE TGACTCA AP
Serum SRE  CCATATTAGG SRF

common control of a large number of target
genes, and we seek to answer two questions
about this mode of regulation: what identifies
the common target genes to the transcription
factor; and how is the activity of the transcrip-
tion factor itsell regulated in response to intrin-
sic or extrinsic signals?

genes under common

the consensus sequence. In promoters, the ele
ments are not present at fixed distances from
the startpoint, but are usually <200 bp upsiream
of it. The presence of a single element usually
is suflicient to confer the-regulatory response.
but sometimes there are multiple copies.
Response elements may be located in pro
.moters or in enhancers. Some types of element
_are typically found in one rather than the other:
usually an HSE is found in a promoter, while 3
GRE is found in an enhancer. We assume th3!
all response elements function by the sam¢
general principle. A gene is regulated by °
sequence at the promoter or enhancer thal ©
recognized by a specific protein. The proi®"
Junctions as a transcription factor needed Jir
RNA polyvinerase to initiate. Active proseid &
available only under conditions when the 8™
to be expressed; its absence means that tht P
moter is no! activated by this particular cirt? »
An example of a situation in which ™"
genes are controlled by a single factor IS
vided by the heat shock response. This IS o
mon o a wide range of prokaryotes a.,{
eukaryotes and involves multiple conu't!"Ill -
gene expression: an increase in temperd o
turns ofl transcription of some genes. ‘“msa,.d
transcription of the heat shock geneS ...
causes changes in the translation of ™ .
The control of the heat shock genes il!“_sl ad
the differences between prokaryoli .
eukaryotic modes of control. In. bacteri®: ? jx3
sigma factor is synthesized that direc®® ..
polymerase holoenzyme to recognize 89-
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Abstract

Background: Prostate stem cell antigen (PSCA) is a recently defined homologue of the Thy-1/Ly-6 family of
glycosylphosphatidylinositol (GPl)-anchored cell surface antigens. The purpose of the present study was to
examine the expression status of PSCA protein and mRNA in clinical specimens of human prostate cancer (Pca)
and to validate it as a potential molecular target for diagnosis and treatment of Pca.

Materials and Methads: Immunohistochemical (IHC) and in situ hybridization (ISH) analyses of PSCA
expression were simultaneously performed on paraffin-embedded sections from 20 benign prostatic hyperplasia
(BPH), 20 prostatic intraepithelial neoplasm (PIN) and 48 prostate cancer {Pca) tissues, including 9 androgen-
independent prostate cancers. The level of PSCA expression was semiquantitatively scored by assessing both the
percentage and intensity of PSCA-positive staining cells in the specimens, Then compared PSCA expression
between BPH, PIN and Pca tissues and analysed the correlations of PSCA expression level with pathological grade,
clinical stage and progression to androgen-independence in Pca.

Results: In BPH and low grade PIN, PSCA protein and mRNA stining were weak or negative and less intense
and uniform than that seen in HGPIN and Pca. There were moderate to strong PSCA protein and mRNA
expression In 8 of 11 (72.7%) HGPIN and in 40 of 48 (83.4%) Pca specimens examined by IHC and ISH analyses,
with statistical significance compared with BPH (20%) and fow grade PIN (22.2%) samples (p < 0.05, respectively).
The expression level of PSCA increased with high Gleason grade, advanced stage and progression to androgen-
independence (p < 0.05, respectively). In addition, IHC and ISH staining showed a high degree of correlation
between PSCA protein and mRNA overexpression.

Conclusions: Our data demonstrate that PSCA as a new cell surface marker is overexpressed by a majority of
human Pca. PSCA expression correlates positively with adverse tumor characteristics, such as increasing
pathological grade (poor cell differentiation), worsening clinical stage and androgen-independence, and
speculatively with prostate carcinogenesis. PSCA protein overexpression results from upregulated transcription
of PSCA mRNA, PSCA may have prognostic utility and may be a promising molecular target for diagnosis and
treatment of Pca.
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~ Introduction

Prostate cancer (Pca) is the second leading cause of can-
cer-related death in American men and is becoming a
common cancer increasing in China. Despite recently
great progress in the diagnosis and management of local-
ized disease, there continues to be a need for new diagnos-
tic markers that can accurately discriminate between
indolent and aggressive variants of Pca. There also contin-
ues to be a need for the identification and characterization
of potential new therapeutic targets on Pca cells. Current
diagnostic and therapeutic modalities for recurrent and
metastatic Pca have been limited by a lack of specific tar-
get antigens of Pca.

Although a number of prostate-specific genes have been
identified (i.e. prostate specific antigen, prostatic acid
phosphatase, glandular kallikrein 2), the majority of these
are secreted proteins not ideally suited for many immunc-

logical strategies. So, the identification of new cell surface

antigens is critical to the development of new diagnostic
and therapeutic approaches to the management of Pca.

Reiter RE et al [1] reported the identification of prostate
stem cell antigen (PSCA), a cell surface antigen that is pre-
dominantly prostate specific. The PSCA gene encodes a
123 amino acid glycoprotein, with 30% homology to
stem cell antigen 2 (Saa 2). Like Sca-2, PSCA also belongs
to a member of the Thy-1/Ly-6 family and is anchored by
a glycosylphosphatidylinositol (GPI) linkage. mRNA in
situ hybridization (ISH) localized PSCA expression in nor-
mal prostate to the basal cell epithelium, the putative
stem cell compartment of prostatic epithelium, suggesting
that PSCA may be a marker of prostate stem/progenitor
cells.

In order to examine the status of PSCA protein and mRNA
expression in human Pca and validate it as a potential
diagnostic and therapeutic target for Pca, we used immu-
nohistochemistry (IHC) and in situ hybridization (ISH)
simultaneously, and conducted PSCA protein and mRNA
expression analyses in paraffin-embedded tissue speci-
mens of benign prostatic hyperplasia (BPH, n = 20), pros-
tate intraepithelial neoplasm (PIN, n = 20) and prostate
cancer (Pca, n = 48). Furthermore, we evaluated the possi-
ble correlation of PSCA expression level with Pca tumori-
genesis, grade, stage and progression to androgen-
independence.

Materials and methods

Tissue samples

All of the clinical tissue specimens studied herein were
obtained from 80 patients of 57-84 years old by prostate-
ctomy, transurethral resection of prostate (TURP) or biop-
sies. The patients were classified as 20 cases of BPH, 20
cases of PIN, 40 cases of primary Pca, including 9 patients
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with recurrent Pca and a history of androgen ablation
therapy (orchiectomy and/or hormonal therapy), who
were referred to as androgen-independent prostate can-
cers. Eight specimens were harvested from these andro-
gen-independent Pca patients prior to androgen ablation
treatment. Each tissue sample was cut into two parts, one
was fixed in 10% formalin for IHC and the other treated
with 4% paraformaldehyde/0.1 M PBS PH 7.4 in 0.1%
DEPC for 1 h for ISH analysis, and then embedded in par-
affin. All paraffin blocks examined were then cut into 5
um sections and mounted on the glass slides specific for
IHC and ISH respectively in the usual fashion. H&E-
stained section of each Pca was evaluated and assigned a
Gleason score by the experienced urological pathologist at
our institution based on the criteria of Gleason score [2].
The Gleason sums are summarized in Table 1. Clinical
staging was performed according to Jewett-whitmore-
prout staging system, as shown in Table 2. In the category
of PIN, we graded the specimens into two groups, i.e. low
grade PIN (grade I - I1) and high grade PIN (HGPIN,
grade III) on the basis of literatures [3,4].

Immunohistochemical (IHC) analysis

Briefly, tissue sections were deparaffinized, dehydrated,
and subjected to microwaving in 10 mmol/L citrate
buffer, PH 6.0 (Boshide, Wuhan, China) in a 900 W oven
for 5 min to induce epitope retrieval, Slides were allowed
1o cool at room temperature for 30 min. A primary mouse
antibody specific to human PSCA (Boshide, Wuhan,
China) with a 1:100 dilution was applied to incubate with
the slides at room temperature for 2 h. Labeling was
detected by sequentially adding biotinylated secondary
antibodies and strepavidin-peroxidase, and localized
using 3,3'-diaminobenzidine reaction. Sections were then
counterstained with hematoxylin. Substitution of the pri-
mary antibody with phosphate-buffered-saline (PBS)
served as a negative-staining control.

mRNA In situ hybridization (ISH)

Five-um-thick tissue sections were deparaffinized and
dehydrated, then digested in pepsin solution (4 mg/ml in
3% citric acid) for 20 min at 37.5°C, and further proc-
essed for ISH. Digoxigenin-labeled sense and antisense
human PSCA RNA probes {obtained from Boshide,
Wuhan, China) were hybridized to the sections at 48°C
overnight. The posthybridization wash with a high strin-
gency was performed sequentially at 37°C in 2 x standard
saline citrate (SSC} for 10 min, in 0.5 x SSC for 15 min

" and in 0.2 x SSC for 30 min. The slides were then incu-

bated to biotinylated mouse anti-digoxigenin antibody at
37.5°Cfor 1 h followed by washing in 1 x PBS for 20 min
at room temperature, and then 10 strepavidin-peroxidase
at 37.5°C for 20 min followed by washing in 1 x PBS for
15 min at room temperature. Subsequently, the slides
were developed with diaminobenzidine and then coun-
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Table I: Correlation of PSCA expression with Gleason score
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Intensity x frequency

Gleason score 0-6 (%) 9 (%)
2-4 5 (83) 1(17)
5-7 19 (79) 5@
8-10 5 (28) i3 (72)
Table 2: Correlation of PSCA expression with clinical stage
Intensity % frequency
Tumor stage 0-6 (%) 9 (%)
<B 27 (67.5) 13 (32.5)
2C 2(25) 6(75)

terstained with hematoxylin to localize the hybridization
signals. Sections hybridized with the sense control probes
routinely did not show any specific hybridization signal
above background. All slides were hybridized with PBS to
substitute for the probes as a negative control.

Scoring methods

To determine the correlation between the results of PSCA
immunostaining and mRNA in situ hybridization, the
same scoring manners are taken in the present study for
PSCA protein staining by IHC and PSCA mRNA staining
by ISH. Each slide was read and scored by two independ-
ently experienced urological pathologists using Olympus
BX-41 light microscopes. The evaluation. was done in a
blinded fashion. For each section, five areas of similar
grade were analyzed semiquantitatively for the fraction of
cells staining. Fifty percent of specimens were randomly
chosen and rescored to determine the degree of interob-
server and intraobserver concordance. There was greater
than 95% intra- and interobserver agreement.

The intensity of PSCA expression evaluated microscopi-
cally was graded on a scale of 0 to 3+ with 3 being the
highest expression observed (0, no staining; 1+, mildly
intense; 2+, moderately intense; 3+, severely intense). The
staining density was quantified as the percentage of cells
staining positive for PSCA with the primary antibody or
hybridization probe, as follows: 0 = no staining; 1 = posi-
tive staining in <25% of the sample; 2 = positive staining
in 25%-50% of the sample; 3 = positive staining in >50%

of the sample. Intensity score (0 to 3+) was multiplied by
the density score (0-3) to give an overall score of 0-9
[1,5]. In this way, we were able to differentiate specimens
that may have had focal areas of increased staining from
those that had diffuse areas of increased staining [6]. The
overall score for each specimen was then categorically
assigned to one of the following groups: 0 score, negative
expression; 1-2 scores, weak expression; 3-6 scores, mod-
erate expression; 9 score, strong expression.

Statistical analysis .
Intensity and density of PSCA protein and mRNA expres-
sion in BPH, PIN and Pca tissues were compared using the
Chi-square and Student's -test. Univariate associations
between PSCA expression and Gleason score, dlinical
stage and progression to androgen-independence were
calculated using Fisher's Exact Test. For all analyses, p <
0.05 was considered statistically significant.

Results

PSCA expression in BPH

In general, PSCA protein and mRNA were expressed
weakly in individual samples of BPH. Some areas of
prostate expressed weak levels (composite score 1-2),
whereas other areas were completely negative (composite
score 0). Four cases (20%) of BPH had moderate expres-
sion of PSCA protein and mRNA (composite score 4-6)
by IHC and ISH. In 2/20 (10%) BPH specimens, PSCA
mRNA expression was moderate (composite score 3-6),
but PSCA protein expression was weak (composite score
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2) in one and negative (composite score 0) in the other.
PSCA expression was localized to the basal and secretory
epithelial cells, and prostatic stroma was almost negative
staining for PSCA protein and mRNA in all cases
examined.

PSCA expression in PIN

In this study, we detected weak or negative expression of
PSCA protein and mRNA (<2 scores) in 7 of 9 (77.8%)
low grade PIN and in 2 of 11 (18.2%) HGPIN, and mod-
erate expression (3-6 scores) in the rest 2 low grade PIN
and 5 of 11 (45.5%) HGPIN. One HGPIN with moderate
PSCA mRNA expression (6 score) was found weak stain-
ing for PSCA protein (2 score) by IHC. Strong PSCA pro-
tein and mRNA expression (9 score) were detected in the
remaining 3 of 11 (27.3%) HGPIN. There was a statisti-
cally significant difference of PSCA protein and mRNA
expression levels observed between HGPIN and BPH (p <
0.05), but no statistical difference reached between low
grade PIN and BPH (p > 0.05).

PSCA expression in Pca

In order to determine if PSCA protein and mRNA can be
detected in prostate cancers and if PSCA expression levels
are increased in malignani compared with benign glands,
Forty-eight paraffin-embedded Pca specimens were ana-
lysed by IHC and ISH. It was shown that 19 of 48 (39.6%)
Pca samples stained very strongly for PSCA protein and
mRNA with a score of 9 and another 21 {43.8%) speci-
mens displayed moderate staining with scores of 4-6 (Fig-
ure 1). In addition, 4 specimens with moderate to strong
PSCA mRNA expression (scores of 4-9) had weak protein
staining (a score of 2) by IHC analyses. Overall, Pca
expressed a significantly higher level of PSCA protein and
mRNA than any other specimen category in this study (p
< 0.05, compared with BPH and PIN respectively). The
result demonstrates that PSCA protein and mRNA are
overexpressed by a majority of human Pca.

Correlation of PSCA expression with Gledson score in Pca
Using the semi-quantitative scoring method as described
in Materials and Methods, we compared the expression
level of PSCA protein and mRNA with Gleason grade of
Pca, as shown in Table 1. Prostate adenocarcinomas were
graded by Gleason score as 2-4 scores = well-differentia-
tion, 5-7 scores = moderate-differentiation and 8-10
scores = poor-differentiation [7]. Seventy-two percent of
Gleason scores 8-10 prostate cancers had very strong
staining of PSCA compared to 21% with Gleason scores
5-7 and 17% with 2-4 respectively, demonstrating that
poorly differentiated Pca had significantly stronger
expression of PSCA protein and mRNA than moderately
and well differentiated tumors (p < 0.05). As depicted in
Figure 1, IHC and ISH analyses showed that PSCA protein
and mRNA expression in several cases of poorly differen-
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tiated Pca were particularly prominent, with more intense
and uniform staining. The results indicate that PSCA
expression increases significantly with higher tumor grade
in human Pca.

Correlation of PSCA expression with clinical stage in Pea

With regards to PSCA expression in every stage of Pca, we
showed the results in Table 2. Seventy-five percent of
locally advanced and node positive cancers (i.e. C-D
stages) expressed statistically high levels of PSCA versus
32.5% that were organ confined (i.e. A-B stages) (p <
0.05). The data demonstrate that- PSCA expression
increases significantly with advanced tumor stage in
human Pca.

" Correlation of PSCA expression with androgen-

independent progression of Pca

All 9 specimens of androgen-independent prostate can-
cers stained positive for PSCA protein and mRNA. Eight
specimens were obtained from patients managed prior to
androgen ablation therapy. Seven of eight (87.5%) of
these androgen-independent prostate cancers were in the
strongest staining category (score = 9), compared with
three out of eight (37.5%) of patients with androgen-
dependent cancers (p < 0.05). The results demonstrate
that PSCA expression increases significantly with progres-
sion to androgen-independence of human Pca.

It is evident from the results above that within a majority
of human prostate cancers the level of PSCA protein and
mRNA expression correlates significantly with increasing
grade, worsening stage and progression to androgen-inde-
pendence.

Correiation of PSCA immunostaining and mRNA in situ
hybridization

In all 88 specimens surveyed herein, we compared the
results of PSCA IHC staining with mRNA ISH analysis.
Positive staining areas and its intensity and density scores
evaluated by ITHC were identical to those seen by ISH in 79
of 88 (89.8%) specimens (18/20 BPH, 19/20 PIN and 42/
48 Pca respectively). Importantly, 27/27 samples with
PSCA mRNA composite scores of 0-2, 32/36 samples
with scores of 3-6 and 22/24 samples with a score of 9
also had PSCA protein expression scores of 0-2, 3-6 and
9 respectively. However, in 5 samples with PSCA mRNA
overall scores of 3-6 and in 2 with scores of 9 there were
less or negative PSCA protein expression (i.e. scores of 0~
4), suggesting that this may reflect posttranscriptional
modification of PSCA or that the epitopes recognized by
PSCA mAb may be obscured in some cancers. The data
demonstrate that the results of PSCA immunostaining
were consistent with those of mRNA ISH analysis, show-
ing a high degree of correlation between PSCA protein
and mRNA expression,
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Figure |

Representatives of PSCA IHC and ISH staining in Pca (A. IHC staining, B. ISH stalning, X200 magnification). A,, B,: negative con-
trol of IHC and ISH. PBS replacing the primary antibody (A,) and hybridization with a sense PSCA probe (B,) showed no back-
ground staining. A, B,: a moderately differentiated Pca (Gleason score = 3+3 = 6) with moderate staining (composite score =
6) in all malignant cells; A,: IHC shows not only celf surface but also apparent cytoplasmic staining of PSCA protein. A;, By: a
poorly differentiated Pca (Gleason score = 4+4 = 8) with very strong staining (composite score = 9) in all malignant cells.
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Discussion

PSCA is homologous to a group of cell surface proteins
that mark the earliest phase of hematopoietic develop-
ment. PSCA mRNA expression is prostate-specific in nor-
mal male tissues and is highly up-regulated in both
androgen-dependent and-independent Pca xenografts
{LAPC-4 tumors). We hypothesize that PSCA may play a
role in Pca tumorigenesis and progression, and may serve
asa target for Pca diagnosis and treatment. In this study,
IHC and ISH showed that in general there were weak or
absent PSCA protein and mRNA expression in BPH and
low grade PIN tissues. However, PSCA protein and mRNA
are widely expressed in HGPIN, the putative precursor of
invasive Pca, suggesting that up-regulation of PSCA is an
early event in prostate carcinogenesis. Recently, Reiter RE
etal [1), using ISH analysis, reported that 97 of 118 (82%)
HGPIN specimens stained strongly positive for PSCA
mRNA. A very similar finding was seen on mouse PSCA
{mPSCA) expression in mouse HGPIN tissues by Tran C.
P et al [8]. These data suggest that PSCA may be a new
marker associated with transformation of prostate cells
and tumorigenesis.

We observed that PSCA protein and mRNA are highly
expressed in a large percentage of human prostate cancers,
induding advanced, poorly differentiated, androgen-
independent and metastatic cases. Fluorescence-activated
cell sorting and confocal/ immunofluorescent studies
demonstrated cell surface expression of PSCA protein in
Pca cells {9]. Our IHC expression analysis of PSCA shows
not only cell surface but also apparent cytoplasmic stain-
ing of PSCA protein in Pca specimens (Figure 1). One pos-
sible explanation for this is that anti-PSCA antibody can
recognize PSCA peptide precursors that reside in the cyto-
plasm. Also, it is possible that the positive staining that
appears in the cytoplasm is actually from the overlying
cell membrane [S]. These data seem to indicate that PSCA
is a novel cell surface marker for human Pca.

Our results show that elevated level of PSCA expression
correlates with high grade (i.e. poor differentiation),
increased tumor stage and progression to androgen-inde-
pendence of Pca. These findings support the original IHC
analyses by Gu Z etal {9), who reported that PSCA protein
expressed in 94% of primary Pca and the intensity of
PSCA protein expression increased with tumor grade,
stage and progression to androgen-independence. Our
results also collaborate the recent work of Han KR et al
[10]), in which the significant association between high
PSCA expression and adverse prognostic features such as
high Gleason score, seminal vesicle invasion and capsular
involvement in Pca was found. It is suggested that PSCA
overexpression may be an adverse predictor for recur-
rence, clinical progression or survival of Pca. Hara H et al
{11] used RT-PCR detection of PSA, PSMA and PSCA in 1
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ml of peripheral blood to evaluate Pca patients with poor
prognosis. The results showed that among 58 PCa
patients, each PCR indicated the prognostic value in the
hierarchy of PSCA>PSA>PSMA RT-PCR, and extraprostatic
cases with positive PSCA PCR indicated lower disease-pro-
gression-free survival than those with negative PSCA PCR,
demonstrating that PSCA can be used as a prognostic fac-
tor. Dubey P et al [12} reported that elevated numbers of
PSCA + cells correlate positively with the onset and devel-
opment of prostate carcinoma over a long time span in
the prostates of the TRAMP and PTEN +/- models com-
pared with its normal prostates. Taken together with our
present findings, in which PSCA is overexpressed from
HGPIN to almost frank carcinoma, it is reasonable and
possible to use increased PSCA expression level or
increased numbers of PSCA-positive cells in the prostate
samples as a prognostic marker to predict the potential
onset of this cancer. These data raise the possibility that
PSCA may have diagnostic utility or dinical prognostic
value in human Pca.

The cause of PSCA overexpression in Pca is not known.
One possible mechanism is that it may result from PSCA
gene amplification. In humans, PSCA is located on chro-
mosome 8q24.2 [1], which is often amplified in meta-
static and recurrent Pca and considered to indicate a poor
prognosis {13-15]. Interestingly, PSCA is in close proxim-
ity to the c-myc oncogene, which is amplified in >20% of
recurrent and metastatic prostate cancers [16,17]. Reiter
RE et al [18] reported that PSCA and MYC gene copy num-
bers were co-amplified in 25% of tumors (five out of
twenty), demonstrating that PSCA overexpression is asso-
ciated with PSCA and MYC coamplification in Pca. Gu Z
et al [9] recently reporteted that in 102 specimens availa-
ble to compare the results of PSCA immunostaining with
their previous mRNA ISH analysis, 92 (90.2%) had iden-
tically positive areas of PSCA protein and mRNA expres-
sion. Taken together with our findings, in which we
detected moderate to strong expression of PSCA protein
and mRNA in 34 of 40 (85%) Pca specimens examined
simultaneously by THC and ISH analyses, it is demon-
strated that PSCA protein and mRNA overexpressed in
human Pca, and that the increased protein level of PSCA
was resulted from the upregulated transcription of its
mRNA.

At present, the regulation mechanisms of human PSCA
expression and its biological function are yet to be eluci-
dated. PSCA expression may be regulated by multiple fac-
tors {18]. Watabe T et al [19] reported that transcriptional
control is a major component regulating PSCA expression
levels. In addition, induction of PSCA expression may be
regulated or mediated through cell-cell contact and pro-
tein kinase C (PKC) [20]. Homologues of PSCA have
diverse activities, and have themselves been involved in
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carcinogenesis. Signalling through SCA-2 has been dem-
onstrated to prevent apoptosis in immature thymocytes
{21]. Thy-1 is involved in T cell activation and transducts
signals through src-like tyrosine kinases [22]). Ly-6 genes
have been implicated both in tumorigenesis and in cell-
cell adhesion {23-25}. Cell-cell or cell-matrix interaction is
critical for local tumor growth and spread to distal sites,
From its restricted expression in basal cells of normal
prostate and its homology to SCA-2, PSCA may play a role
in stem/progenitor cell function, such as self-renewal (i.e.
anti-apoptosis) and/or proliferation [1}. Taken together
with the results in the present study, we speculate that
PSCA may play a role in tumorigenesis and clinical pro-
gression of Pca through affecting cell transformation and
proliferation. From our results, it is also suggested that
PSCA as a new cell surface antigen may have a number of
potential uses in the diagnosis, therapy and clinical prog-
nosis of human Pca. PSCA overexpression in prostate
biopsies could be used to identify patients at high risk to
develop recurrent or metastatic disease, and to discrimi-
nate cancers from normal glands in prostatectomy sam-
ples. Similarly, the detection of PSCA-overexpressing cells
in bone marrow or peripheral blood may identify and pre-
dict metastatic progression better than current assays,
which identify only PSA-positive or PSMA-positive pros-
tate cells.

In summary, we have shown in this study that PSCA pro-
tein and mRNA are maintained in expression from
HGPIN through all stages of Pca in a majority of cases,
which may be associated with prostate carcinogenesis and
correlate positively with high tumor grade {poor cell dif-
ferentiation), advanced stage and androgen-independent
progression. PSCA protein overexpression is due to the
upregulation of its mRNA transcription. The results sug-
gest that PSCA may be a promising molecular marker for
the clinical prognosis of human Pca and a valuable target
for diagnosis and therapy of this tumor.
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Abstract

Translation Initlation Is regulated In response to
nutrient avallabifity and mHogento stimulation and Is
coupled with cell cycle progression and cefl growth.
Several alterations In translational control oceur In
cancer. Varlant mRNA sequences can alter tho
transiational efficlency of Individual mRNA molecules, -
which In tumn play a role in cancer blology. Changes In
the expression or availabliity of components of the
translational machinery and in the activation of
translation through signal transduction pathways can
loadtomomgloba!changos,suchasanlnueaseh
the overdil rate of protein synthesis and translational
activation of the mRNA molecules involved in cell
growth and proiiferation. We review the basic
principles of translational control, the alterations
encountered In cancer, and selected theraples
targeting transtation Initiation to help elucldate new
therapeutic avenues.

Introduction . .

The fundamental principle of molecular therapeutics In can-
cer Is to exploit the differences in gene expression between
cancer cells and normal cells. With the advent of cDNA amay
technology, most efforts have concentrated on Identifying
differences In gene expression at the level of mRNA, which
can be attributable efther to DNA amplification or to differ-
encesn transcription. Gene expression is quite complicated,
however, and Is also regulated at the leval of mRNA stabliity,
mRNA translation, and protein siabllity. -

The power of transfational regulation has been best recog-
nized among dsvelopmental blologists, because transeription
does not occur In early embryogenesls In eukaryotes. For ex-
ample, in Xenopus, the perod of transcriptional qulescence
continues until the embryo reaches midblastula transttion, the
4000-celt stage. Therefars, all necessary mRNA molecules are
transcribed during oogenesis and stockplled in a translationally
inactive, masked form. The mRNA are translationally activated
at appropriate times during oocyte maturation, fertilization, and
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emlyentbryogmwsWMus.mundersmmﬂonal
control.

Transtation has an established rols In csli growth. Basl~ -

'cally.anlnet%selnpmtelnsymheslsocmsasaconse-

quence of mitogenesis. Until recently, howsver, litle was
known about the alterations in mRNA translation in cancer,
and much is yet to be discovered about thelr rolo In the
development and progression of cancer. Here wa revisw the
basic principles of transiational control, the alterations en~
mwmm,mmmlamgm-
tion hiﬂaﬁdntoeh:cldatepotenﬂalnewﬂxempeuﬂcavemes.

Basic Principles of Translational Control

Mechanism of Translation Injtiation .

Tia;ﬁaﬂoninlﬂmonbmenmmsheplnhmmmmgulaﬂon.
Tmbﬂmwﬂwmbambxmmmmmm
tANA and the 408 and 60S ribosomal subunits are recruited to
meS'endofamHNAmlecubmdmb!edbyanwyoﬁc
transiation initiation factors into an 80S ibosome at the start
codon of the mRNA (Fig. 1). The 5' end of eularyotic mRNA Is
capped, Le., contains the cap structure m’GpppN (7-mefhyl-
gmnosme-hiphpspm-s'-dbouuclecdde). Most translation In
eukalyotesocmnslna'eap-dependemmr:bn,l.e,mempls
SpeciﬁmnyraeogmzedbytheelFﬁawl'ﬁd\bihdstwa' cap.
The elf4F translation inftiation complex Is then formed by the

- assembly of elF4E, the RNA hellcase elF4A, and elF4Q, a

swffoldhgpmtelnmatrnedlatmthebhdhgcfﬁmm:ibo-
somal subunit to the mRNA molecule through interaction with
the elFF3 protein present on the 40S ribosomes. elF4A and elF4B
parti@atehnwﬂmgﬁteseomdaryslnmﬂeofmeS'UTRof
the mRNA. The 43S Iniiation complex (40S/elF2/Met-tRNA/
GTPcompiex)mthemﬂNAinaﬁ'—aa'diwﬂonunﬂHt
enoour'mevsanAUGstanoodon.Thlsstancodonisﬁmbm-
palred to the anticodon of initiator tRNA, forming tha 48S Inti-
ation complex. The intiation factors are then displaced from the
48S complex, and the 60S ribosome joins to form the 808
ribosome.

Unllke most eukaryotic transiation, transiation Inftiation of
mnalnmRNAs,sumasmeploomvwsRNA,lseaplnde-
pendentandowmsbylntemalribosomeerﬂry.ﬂﬂsmecha-
nlsmdownotreqmmelME.Emerme%SWnplmcanbhd
the inftiation codon directty through interaction with the IRES In
theS'UTRsuchaslntheencephalomymrdiﬁsvlms, orit can

mammaiian target of rapamycin; ATM, Pi3K,
3-Kinase; , and tensin homolog de-

leted from chromosome 10; PP2A, Lobsaed 2n; dogm

forming growth factor-3; PAP, paty{A) polymerase; EPA,

acid; mda-7, melanoma T
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released, and the targe ribosomal subuntt is recruited.

hmaﬂyattammmeIHESandmenreachmeinmaﬂmoodonby
scanning or transfer, as is the case with the poliovirus (1).

Regulation of Translation Initiation
Translation initiation tan be regulated by alterations In the
expression or phosphorylation status of the various factors
Invoived. Key components In translational regulation that
may provide potential therapeutic targets follow.

elF4E. elF4E plays a central rols in translation regulation,
it is the least abundant of the initlation factors and is con-
sldered the rate-limiting component for Inltiation of cap-
depsndent translation, elF4E may also be Invoived In mRNA
splicing, mRANA 3’ procsssing, and mRNA nucleocytoplas-
mic transport (2). 6lFAE expression can be Increased at the
transeriptional level In response to serum or growth factors
(3). elF4E overexpression may cause preferentlal translation
of mRNAs containing excessive secondary structure In their
5' UTR that are normally discriminated agalnst by the trans-

lational machinery and thus are Inefficlently translated (4-7).
As examples of this, overexpression of elF4E promotes i
creased translation of vascular endothelial growth factos-,
fibrablast growth factor-2, and cyctin D1 2 8,9).

Ancther mechanism of control is the regulation of elF4E=
phosphorylation. elF4E phosphorylation Is mediated by the
mitogen-activated protein kinase-interacting kinase 1, which
Is activated by the mitogen-activated pathway ectivating
extracellular signal-related kinases and the stress-activatect
pathway acting through p38 mitogen-activated protein ki~
nass (10-13). Several mitogens, such as serum, platelet~
derived growth factor, epidermal growth factor, Insullry,
anglotensin I, src kinase overexpression, and ras over-

- expression, lead to elF4E phosphorytation (14). The phos~

phorylation status of elF4E Is usually comelated with the
translaﬂonalmteandgrowhstah:sofﬂ:eoeﬂ:howeven
elFAE phosphorylation has also been observed In response
to some cellular stresses when translational retes actually
decrease (15). Thus, further study Is needed to understanql
the effects of elF4E phosphorylation on elF4E activity.
Another mechanism of regutation Is the alteration of eliFAE
avaitability by the binding of elF4E to the elF4E-binding pro-
telns (4E-8P, also known :as PHASH). 4E-BPs competo with
€lFAG for a binding site In elF4E. The binding of olF4E to the
best characterized elF4E-binding protein, 4E-BP1, is regu-~
lated by 4E-BP1 phosphorylation. Hypophosphorylated 4E-
BP1 binds to eIF4E, whereas 4E-BP1 hyperphosp n
decreases this binding. Insulin, anglotensin, - epldermal
growth factor, platelet-derived growth factor,
growth factor, nerve growth factor, Insulln-like growth factors
“1and I, Interleukin 3, granulocyte-macrophage colony-stim-~
ulating factor + steel factor, gastrin, and the adenovirus have
all been reparted to induce phosphorylation of 4E-BP1 and
to decrease the abliity of 4E-BP1 to bind elF4E (15, 16).
Conversely, deprivation of nutrients or growth factors resuits
in 4E-BP1 dephosphorylation, an increass in elF4E binding,
and a decrease In cap-dependent translation.

P70 S8 Kinase. Phosphorylation of ibosomal 40S prateln
$8by S6K is thought to play an important rols In translational
regulation. S6K —/— mouse embryonic cells profiferate more
slowly than do parentat cells, demonstrating that S6K has g
positive influence on cell proliferation (17). SEK regulates the
translation of a group of mRNAs possessing a 5’ terminal
o(!gopyﬁmidinetmct(S'TOP)fomdatﬁne 5’ UTR of ribosomat
proteln mRNAs and other mRNAs coding for components of
the transtational machinery. Phosphorylation of S6K Is regu~
latedtnpanbasedonmeavanabmtyofnumm,ua. 19)andis
stimutated by several growth factors, such as platelet-derived
growth factor and insulln-flke growth factor 1 (20).

elF2a Phosphorylation. The binding of the Initiator tRNA
to the small ribosomal unit Is mediated by transtation Initia-
tion factor elF2. Phosphorylation of the a~subunit of eff2
prevents formation of the elF2/GTP/Met-tRNA complex and
inhibits global protein synthesis (21, 22). elF2a Is phospho-
rylated under a varlety of conditions, such as viral Infection,
nutrient deprivation, heme deprivation, and apoptosls (22),
elF2a Is phosphorylated by heme-regulated inhibitor, nutrient-
regulated protein kinase, and the (FN-induced, double-
stranded RNA-activated proteln kinase (PKR; Ref. 23).
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The mTOR Slignallng Pathway. The macrolide antiblotic
rapamycin (Stratimus; Wyeth-Ayerst Research, Collegoville,
PA) has been the subject of intensive study becauss It in-
hibits signal transdisction pathways involved in T-cell activa-
tion. The rapamycin-sensitive component of these pathways
Is mTOR (also called FRAP or RAFT1). mTOR is the mam-
mallan homologue of the yeast TOR proteins that regutate Q,
progression and translation In response to nutrient avallabil-
ity (24). mTOR Is a serine-threonine kinase that modulates
translation Initiation by altering the phosphorytation status of
4E-BP1 and S6X (Fig. 2; Ref. 25).

4E-BP1 is phosphorylated on muttiple residues. mTOR phos-
phonylates the Thr-37 and Thr46 residuss of 4E-BP1 in vitro
(26); however, phosphorylation at these sites Is not assoclated
with a loss of elF4E birnding. Phosphorylation of The-37 and
Thr-46 Is required for subsequent phosphorylation et several
COOH-terminal, ‘serum-sensitive sites; a combination of these
phosphorylation events appears to be needed to inhibit the
- binding of 4E-BP1 to elF4E 25). The product of the ATM gen, .
p3&/MSK1 pathway, and proteln kdnase Co also play a role In
4E-BP1 phosphoryiation (27-29),

S6K and 4E-BP1 are also regulated, in part, by PI3K and its
downstream protein kinase Akt. PTEN is a phosphatase that
negatively regulates PISK signafing. -PTEN null cells have
constitutively active of Akt, with Increased $6K activity and
§8 phosphorylation (30). S6K activity Is Inhibited both by
PI3K Inhibitors wortmannin and LY204002 and by mTOR
inhibitor rapamycin (24). Akt phosphorylates Ser-2448 In
MTOR In vitro, and this site Is phosphorylated upon Akt
activation in vivo (31-33). Thus, mTOR Is regulated by the
PISK/Akt pathway; howaver, this does riot appear to be the
only mode of regulation of mTOR activity. Whether the PI3K
pathway also regulates S6K and 4E-BP1 phosphorylation
Independent of mTOR Is controversial.

interestingly, mTOR autophosphorylation is blocked by wort-
mannin but not by rapamycin (34). This seeming Inconsistency
suggests that mTOR-responsive regulation of AE-BP1 and S6K
activity occurs through a mechanism other than Infrinsic mTOR
kinase activity. An altemate pathway for 45-BP1 and S6K phos-
phorylation by mTOR activity Is by the inhibition of a phospha-
tase. Treatment with calyculin A, an inhibitor of phosphatases 1
and 2A, reduces rapamycin-induced dephosphorylation of 4E-
BP1 and S6K by rapamycin (35), PP2A Interacts with fuli-Hength
SSKbutnotmmaSSKnmlisreslstamtodephospho-
rylation resulting from rapamycin. mTOR phosphorylates PP2A
I vitro; however, how this process alters PP2A activity Is not
i«nwn.“tesemultsmconslstentwmnmamodelmatphos-
phorylation of a phosphatase by mTOR prevents dephospho-
rylation of 4E-BP1 and S6K, and conversely, that nutrient dep-
rivation and rapamycin block Inhibition of the phosphatase by
mTOR.

Polyadenylation. The poly(A) tall in eukaryotic mRNA Is

- Important In enhancing translation inftiation and mRNA sta-
bllity. Polyadenylation plays a key role In regulating gene
expression during ocogenesls and early embryogenesls.
Some mRNA that are translationally [nactive in the cocyte are
polyadenylated concomitantly with transiational activation In
oocyte maturation, whereas other mRNAs that are transta-
tionally active during cogenesls are deadenytated and trans-
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lationally silenced (38-38). Thus, control of poly(A) tall syn-
thesls Is an important regulatory step In gene expression.
The 5’ cap and poly(A)tanarelhouthomeonsynemls-
tically to regulate mRNA transiational efficlency (39, 40).

RNA Packaging. Most RNA-binding proteins are assem-~
bled on a transcript at the time of transcription, thus deter~
mining the translational fate of the transcript (41). A highty
conserved family of Y-box proteins Is found in cytoplasmic
messenger ribonucleoproteln particles, where the proteins
are thought to play a role In restricting the recruitment of
mRNA to the transiationa) machinery (41~43). The major
mBRNA-assoclated protein, YB-1, destabllizes the Interaction
of elF4E and the 5' mRANA cap /n vitro, and overexpression of
YB-1 results In translationa! repression in vivo (44). Thus,
alterations In ANA packaging can also play an Important role
in translational regutation,

Translation Alterations Encountered in Cancer

Thres maln alterations at the translationa! leve! oceur In cancer
variations In mRNA sequences that increase or decreass trans-
lational efficlency, changes in the expression or avallablity of
components of the transiational machinery, and activation of
transiation through aberrantly activated signal transduction
pathways. The first alteration affects the transiation of an Indl-
vidua! mRNA that may play a role in carcinogenesis. The sec-
ond and third afterations can lead to more global changes, such

asaninmsemmeovaaﬂmaofpmte!nsynﬂmls.andﬂw
transtational activation of severa) mRNA specles.

Variations In mRNA Sequence
Varlations in mRNA sequence affect the transiational effis
clency of the transcript. A brisf description of these varations
and examples of each mechanism follow.

Mutations. Mutations in the mRNA sequence, especially
in the ' UTR, can alter its transiational efficlency, as seenin
the following examples. :



c-myc. Salto etal. propesed that transiation of full-length
c-mye Is repressed, whereas In several. Burkitt lymphomas
that have deletions of the mRNA5' UTR, transiation of c-myc
ks more efficlent (45). More recently, it was reported that the
§ UTRofo-myccontalmaanEs,andthus&mychamla-
ﬂoncanbelniﬁamdbyamp-lndependen’taswwwa
cap-dspendent mechanism (46, 47). In patients with multiple
myeloma, a C—T mutation in the c-myc IRES was ldentlfied
(48) and found to cause an enhancad Initiation of transiation
via Infernat ribosomal entry (49).

. BRCGAT. A somatic point mutation (117 G~C) in position
-3 with respect to the start codon of the BRCAT gene was
Identified In a highly aggressive sporadic breast cancer {(50).
Chimertc constructs conststing of the wild-type or mutated
BRCA1 8’ UTR and a downstream luciferass reporter dem-
onstrated a decrease in the translational efficlency with the 5
UTR mutation. -

Cyclin-dependent Kinase Inhibifor 2A. Some Inherited
melanoma kindreds have a @—>T transversion at base —34
of cycin-dependent kinase inhibitor-2A, which encodes a
cyclin-dependent kinase 4/cyclin-dependent kinase 6 kinase
Inhibltor Important in G, checkpoint regulation (51). This
mutation..gives rise to a novel AUG translation Initiation
codon, creating an upstream open reading frame that com-
- petes for scanning ribosomes and decreases transiation

from the wild-type AUG.

Altemate Splicing and Altemate Transcription Start

Sites. Alterations In spiicing and altemate transcription sites -

‘can lead o variations in 5’ UTR sequence, length, and second-
ary stucture, ultimately impacting translational efficlency.

ATM. The ATM gene has four noncoding exons In its 5°
. UTR that undergo extensive altemative splicing (52). The
contents of 12 different 5' UTRs that show considerable
diversity in length and sequence have been Identified. Thesa
divergent 5’ leader sequences play an important role in the
translational regulation of the ATM gene.

mdm. In a subset of tumors, overexpression of the onco-
protein mdm2 results In enhanced translation of the mdm2
mRNA. Uss of different promoters leads to two mdm2 tran-
scripts that differ only in their 5' leaders {53). The longer 5
UTR contains two upstream open reading frames, and this
mRNA Is Joaded with ribosomes inefficlently compared with
the short 5' UTR.

BRCAL1. In a normal mammary gland, BRCAT mRNA Is
expressed with a shorter leader sequence (5’UTRa), whereas
In sporadic breast cancer tissue, BRCAT mRNA Is expressed

with a longer leader sequence (5 UTRb); the translational’

efficiency of transcripts containing 5' UTRb s 10 times lower
than that of transcripts containing 5' UTRa (54).

TGF-B3. TGF-B3 mRNA includes a 1.1-kb 5’ UTR, which
exerts an Inhibitory effect on translation. Many human breast
cancer cell fines contain a novel TGF-B3 transcript with a 5'
UTR that is 870 nucleotides shorter and has a 7-fold greater
translational efficlency than the normal TGF-3 mRNA {56).

Altemato Polyadenylation Shkes. Multiple polyadenyl-
ation signals leading to the generation of several trenscripts
with differing 3' UTR have been described for several mRNA
specles, such as the RET proto-oncogene (56), ATM gene
(62), tissue inhibltor of metalloprotelnases-3 (57), RHOA

proto-oncogene (58), and calmodulind (59). Although the
effect of these altemate 3’ UTRs on transiation Is not yot
known, they may be Important in RNA-protein interactions
that affect translational recrultment: The role of these alter-
ations In cancer development and progression Is unknowry.

Alterations in the Components of the

Translation Machinery

Alterations In the components of transtation machinery cany
take many forms.

Overexpresssion of elF4E Overexpresslon of elF4ES
causes malignant transformation In rodent cells {60) and the
deregulation of Hel.a cell growth (61). Polunoveky et al. (62)
mmmmaw&ovaexpmsslmsmsﬁmmrserummd
Individual growth factors In preserving viability of fibroblasts,
which suggests that eIF4E can mediate both profiferative ancd
survivat signaling.

Elevated levels of eiF4E mRNA have been foundina broad
spectrum of transformed cell lines (83). elF4E lovels are
elevated In all ductal carcinoma in situ specimens and Inva~
sive ductal carcinomas, compared with benlgn breast spec-
Imens evaluated with Westem blot analysis (84, 65). Prelim-
inary studies suggest that this overexpression Is attributable
to gene amplification (66). '

There are accumulating data suggesting that elF4E overex-—
pression can be valuabls as a prognostic marker. elF4E over-
expression was found inaretrospective study to be amarker of
poorprognoslslnstagesltombreastcardnoma(snvm-
tion of the prognostic valus of elF4E in breast cancer Is now
under way in a prospective tral (67). However, In a different
study, eﬁEm@mwasoomlatedwimmeagme
behaviorofnon—l-lodglh'stymphomas(ee). in a prospective
analysls of patients with head and neck cancer, elevated lovels
of elF4E in histologically tumor-free surgical margins predicted
a significantly increased sk of local-regional recumence ®).
These results all suggest that eIF4E overexpression can be
used to select patients who might benefit from more aggressive
systemic therapy. Furthermore, the head and neck cancer data
suggest that elF4E overexpressfon is a field defect and can be
used to guide local therpy.

Alterations in Other Initiation Factors. Alterations in a
number of other Initiation factors have been assoclated with
cancer. Overproduction of elF4G, similar to elF4E, leads to
malignant transfonmation In vitro (69). elF-2a Is found In
increased levels in bronchioloalvaotar carcinomas of thelung
(3). Initlation factor efF-4A1 is overexpressed in melanoma
(70) and hepatocellular carcinoma (71). The p40 subuntt of
translation initiation factor 3 is amplified and overexpressed
Inbreast and prostate cancer (72), and the elF3-p1 10 subunit

Is overexpressed In testicular seminoma (73). The role that
overexpresslon of these Initiation factors plays on the devel-
opment and progression of cancer, if any, Is not known.

Overexpression of S6K. S6K Is ampilified and highly
overexpressed in the MCF7 breast cancer call Ine, com-

pared with normal mammary epithelium (74). In a study by
Barlund et al. (74), S6K was ampiifled In 59 of 668 primary
breast tumors, and a statistically significant assoclation was
observed between amplification and poor prognosis.
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Overexpression of PAP. PAP catalyzes 3’ poly(A) syn-
thesis. PAP Is .overexpressed In human cancer cells com-
paredvdthnonnalandvlmllytransfoqmedceﬂsas). PAP
enzymatic activity in breast tumors has been comelated with
PAP protein levels (76) and, In mammary tumor cytosols, was
fomdtobeanhdapendwtfactorforpredlcﬂngmvlval(?ﬁ).
Littte is lonown, howeaver, about how PAP expression or ac-
tivity affects the transtational profile. )

Alerations In RNA-binding Protens. Even lessis known
about alterations in RNA packaging In cancer. Increased ex-
pression and nuclear localization of the RNA-binding proteln
YB-1m'ehdcatorsofapoorpmgnoslsforbwastm(77).
W@mmmmmmm.ﬂow-
eva',hlseffectmaybemedlatedatle&hpanatmelevelof
transaription, because YB-1 Increases chemoresistance by en-
lwwlngﬁem\saipﬁonofammﬁdmgmmcegmm

Activation of Signal Transduction Pathways
Activation of signa! transduction pathways by loss of tumor
Suppressor genes or overexpression of certaln tyrosine kinases
can contribita to the growth and aggressiveness of fumors. An
important mutant in human cancers is the tumor suppressor
gene PTEN, which leads to the activation of the PIBK/AlE path-
way.AcﬁvaﬂoncfPlaKandelndwesmeumgenbm
fanuﬂonofclﬂdmemhyoﬁbroummmmwls
show constitutive phosphorytation of S8K and of AZ-BP1 81).
Amutmu_mmmk\s!dnaéeacﬂvnybmdmnotphos-
phorytate S6K or 4E-BP1 does not transform fibroblasts, which
suggests a comrelation between the oncogenicity of PISK and
Akt and the phosphorylation of S8K and -4E-BP1 8t).
Several tyrosine kinases such as platelet-derived growth

" factor, Insulin-fike growth factor, HER2/neu, and epidermal

growth factor receptor are overexpressed In cancer. Be-
cause these kinases activate downstream signal transduc-
tion pathways known to alter transiation Initiation, activation
of transiation 13 Iikely to contribute to the growth and aggres-
siveness of thess tumors. Furthermore, the mRNA for many
of these kinases themselves are under translations) control.
For example, HER2/neu mRNA Is transiationally controlled
both by a short upstream open reading frame that represses
HER2/neu translation In a cell type-independent manner and
by a distinct cell type-dependent mechanism that increases
transfational efiictency (82). HER2/neu translation Is different
in transformed and nomal cells. Thus, it Is possible that
alterations at the transiational level can In part account for
the discrepancy between HER2/neu gene amplification de-
tected by fivorescence In situ hybridization and protein levels
detected by Immunohistochsmical assays.

Translation Targets.of Selected Cancer Therapy
Components of the translation machinery and signal path-
wayslnvolvedinﬂwacﬂvaﬁonofh'andaﬁonmruauunrepm-
sent good targets for cancer therapy.

Targeting the mTOR Signaling Pathway: Rapamycin
and Tumstatin .

Rapamyein Inhibits the proliferation of tymphocytes. It was
Initielly developed as an immunosuppressive drug for organ

* Wrneplantation. Rapamycin with FKEP 12 (FK08-bindingy

protein, M, 12,000) binds to mTOR to inhiblt. s function.

in causes a small but significant reduction In the
Inttiation rate of proteln synthes!s (83). It blocks cell growth In
panbyblocidngsephosphorylauonandeetewvetysup-
pressing the translation of 5 TOP mRNAS, such as fibosomay:
protelns, and elongation factors (83-85). Rapamycin also
blocks 4E-BP1 phosphorylation and inhibits cap-dependent
but not cap-independent translation (17, 86).

The rapamycin-sensitive signal transduction pathway, acti-
vateddwhgmﬂgnanftansfonnaﬂonandcaxwm&eﬂon,
bmwbdngswdbdasatmgetmrmnwmeraw(an.ﬁos-
tate, breast, small cell lung, glioblastoma, melanoma, and T-celt
lwmmeanmrmgmecancerﬂnamostsmﬂvetome

. rapamycin analogue CCH-779 (Wyeth-Ayerst Research: Ref.

an.mﬂlabdmnycowmoeuﬂtm.rapamdnbeimerm
static or cytocidal, depending on the p53 status of the cell; pS3
wild-type cels treated with rapamycin amrest In the G, phase
andmalmahmdr,viablmy.whelempsamumwbmmu-
latelnG,mdmdergoapoptosis(BB.B@).hameaﬁympmad
study using human primitive neuroectodermal tumor and
medulloblastoma models, rapamycin exhibited more cytotox-
Idtyhmbkaﬂonw&dpplaﬂna:ﬂmphﬂtednﬁmas'a
shg!eagem.hvivo,ommde!ayedgmwmdmby
160%6 after 1 week of therapy and 240% after2 weels. Asingle
high-dose administration caused a 37% decrease in fumor
voluma. Growth inhiblfon &7 vivo was 1.3 times greater, with
cisplatin n combination with CCI-779 than with cisplatin alone

< {90). Thus, precilnical studies suggest that rapamycin ana-

logues are useful as single agents and In combination with
chemotherapy. .

Rapamycin analogues CC)-779 and RAD0O1 (Novartis,
Basel, Switzerland) are now In clinical trials. Because of the
known effect of rapamycin on lymphocyte proliferation, a
potential problem with rapamycin analogues Is Immunosup-
pression. However, afthough prolonged Immunosuppression
can result from rapamycin and CCl-778 ‘administered on
continuous-dose schedules, the immunosuppressive effects
of rapamycin enalogues rescive In ~24 h after
(91). The principal toxdcities of CCI-779 have included der-
matological toxlcity, myetosuppression, infection, mucoasiils,
diarthea, reversible elevations In liver function tests, hyper-
glycemia, hypokalemla, hypocalcemia, and depression 87,
92-84). Phaso 1| trials of GCI-779 have been conducted In
advanced renal cell carcinoma and In stage HI/IV breast
carcinoma patients who falled with prior chemotherapy. In
the results reported in abstract form, although there were no
cormplete responses, partial responses were documented in
both renal cell carcinoma and in breast carcinoma (94, $85).
Thus, CCI-779 has documented preliminary clinical activity in
a previously treated, unselected patient population.

Active Investigation is under way into patient selection for
mTOR Inhibftors. Severat studies have found an enhanced
efficacy of CCI-779 In PTEN-null tumors (30, 96). Another
study found that six of eight breast cancer cefl lines were
responsive to CCH-779, although only two of these lines
lacked PTEN (97) There was, however, a positive correlation
between Akt activation and CCI-779 sensitivity (97). This
correlation suggests that activation of the PI3K-Akt pathway,



regardless of whether it s aftributabls to a PTEN mutation or
to overexpressien of receptor tyrosine Kinases, makes can-
cer cell amenable to mTOR-directed therapy. In contrast,
lower lavels of the target of mTOR, 4E-BP1, are assoclatsd
with repamycin resistance; thus, a lower 4E-BP1/6IF4E ratlo
may predict rapamycin resistance (38).
activity for rapamycin and is analogues
appears to be through Inhibition of anglogsnesis. This activ-
ity may be both through direct inhibltion of endothelial cell
proliferation as aresuit of mTOR inhibfton in these cells orby
inhibiton of transfation of such proanglogenic factors as
vaswlarendothenalgrowmtactorlnmmorqells(se, 100).
The anglogenesis Inhibitor tumstatin, ancther anticancer
drug currently under study, was also found recently to inhibit
transtation in endothellal cells (101). Through a requlsite In-
teraction with iIntegrin, tumstatin inhiblts activation of the
PIBK/AKt pathway and mTOR in endothellal eells and pre-
vents dissoclation of elF4E from 4E-BP1, thereby inhibiting
cap-dapendent transiation. These findings suggest that en-
dothellal cells are especially sensitive to theraples targeting
the mTOR-signaling pathway. )

and

E’Alsannaapolyunsaturatedfanyaddfoundhtheﬂsh-
based diets of populations having a low Incidence of cancer
{102). EPA inhibits the profiferation of cancer cells (103), as
well as in animal modsls (104, 105), It blocks cell division by
inhibiting translation initiation (105). EPA refeases Ca2* from
intracefiular stores whils Inhibfting their refifling, thereby ac-

Targetirig elF2e: EPA, Clotrimazole, mda-7,
Flavonoids

+ tivating PKR. PKR, in tum phosphiorylates and inhibits elF2a,

resulting In the Inhibition of protein synthesis at the level of
ranslation Inftiation. Similarly, clotrimazole, & potent antipro~
Iiferative agentin vitro and It vivo, Inhibits cell growth through
depletion of Ca®* stores, activation of PKR, and phospho-
rylation of elF2q« (108). Consequently, clotrimazole preferen-
tially decreases the expression of cyclins A, E, and D1,
resuiting In blockage of the cell cycle in G,.

mda-7 1s a novel tumor suppressor gene being developed
as a gene therapy agent. Adenoviral transfer of mda-7 (Ad-
mda?) induces apoptosis In many cancer cells Including
breast, colorectal, and lung cancer (107-109). Ad-mda7 also
induces and activates PKR, which leads to phosphorylation
of elF2¢ and induction of apoptosis (110).

Flavonolds such as genisteln and quercetin suppress tu-
mor cefl growth. All three mammalian elF2a kinases, PKR,

~ heme-regulated inhibitor, and PERK/PEK, are activated by

flavonoids, with phosphorylation of elF2a and inhibition of
proteln synthesls (111). :

Targeting eIF4A and elF4E: Antisense RNA

and Peptides -

Antisense expression of elF4A decreases the proliferation rate
of melanoma cells (112). Sequestration of 6lF4E by overexpres-
slon of 4E-BP1 Is proapoptotic and decreases tumorigenicity
(113, 114). Reduction of elF4E with antisense RNA decreases
soft agar growth, Increases tumor latency, and increases the
rates of tumor doubling times (7). Antisense elF4E RNA treat-

) nmdsomdmesmeWonofanglogemcfacm(ﬂS)

andhasbeenpmposedaaapotenﬂalad]uvmﬂmpyforhead
and neck cancers, particularly when elovated elF4E Is found iy
surgical margins. Smadl moleculs inhibifors that bind the elF4G/
4E-BP1-binding doman of elF4E are proapoptotic (116) andl
are aiso being actively pursued.

Exploiting Selective Transtation for Gene Therapy

A different therapeutic approach that takes advantege of theg
enhanced cap-dependent transiation In cancer cells Is the use
of gene therepy vectors encoding sulcide genas with highly
suudnzedS'UTR.ThesemRNAwotﬂdﬂmmbeataoumetﬂiva

‘disadvamagelnnotmalceusandnottvamlateweu,whmln

mmﬂwmmmememdemlyformme.
ﬂwhﬁoducﬁonofﬁwS’UTRofﬁbrobWMfactu@S'to
ﬂ\eoodhgwquelweofhemesshnpmm:s type-1 thymidine
ldimgme.aﬂowsforselecﬂvetmslaﬂonofhapesshnplex
vm:stypo-ﬂhymldlnekhasegenelnbmammoeunes
compared with normal mammary cell fines and resuls In se-
lective sensitivity to ganciclovir (117). ’

Toward the Future

Translation I a cruclal process In every cell. However, several
afterations In transiational control occur In cancer. Cancer calls
appeatoneedanabmanﬂyacﬁvatedharﬂaﬂonalshﬁe_for
survival, thus allowing the targeting of transtation inftiation with
surprisingly Jow toxicity. Components of the translational ma-
dt&w.stxchaselFﬁandsignalbamducﬂmpaﬁiwayaln-
vo!vethaﬁoniniﬂaﬁon,w&mTOR.repmempmnﬁng
mrgeisforwnwﬂmpy.lnhlbnasofﬂ\emmﬂhaveakeady
shownsoa'neprelllrdnaryacﬁmylndwwmah,nispowble
that with the development of better predictive markers and
bmerpaﬂefnselmn.mspoammtestos_ingie-agemﬂwapy
wnbeknpmved.Sinﬂartooﬂchacmhmva,
mmmmamnmstmcelytoamlev‘acﬂnbaluﬂﬂyh
combination therapy. In the interim, our increasing understand-
Ing of transtation lniﬁaﬂmandslgnalﬁansdudionpmhways
pmmlsetoleadtoﬂleldermmaﬁonofnewmerapeuuclamets
In the near future.
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Ashkenazi, A., Chuntharapai, A.; Kim, J., APO-2 hgand antibodies. US. patent 6,
046, 048 (Apr 4, 2000):

. Ashkenaz1 A., Chamow, S. and Kogan, T. Carbohydrate—dxrected crosshnkmg
. reagents. US patent 6,124,435 (Sep 26, 2000)..

Ashkenazi, A., Chuntharapai, A., Kim, J., Method for making monoclonal and cross-
reactive antibodies. US patent 6,252,050 (fun 26, 2001).
Ashkenazi, A. APO-2 Receptor. US patent 6,342 3§9 (Jan 29, 2002).

‘Ashkenazi, A. Fong, 8., Goddard, A., Gurney, A., Napier, M., Tumas, D. Wood, W

A-33 polypeptxdes Us patent 6,410, 708 (.Tun 25, 2002).
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. HER-2/neu Breast Cancer Predictive Testing

- Julie Sanford Hanna, Ph.D. dnd Dan Mornin, M.D.

.. EACH'YEAR, OVER 182,000 WOMEN in the United: States are
+ dlagnosed. with breast cancer, and approximately 45,000 die
of the disease.! Incidence appears.to be increasing in the -

. United States at 4 rate of roughly 2% per year. The reasons

for thie indréase ere unclear, but non-genctic risk factors appear
toplay 8 large role2- - - . '

- ~Five-year survival rates ra
85%, depending on demographic gioup, with & significant

* percentage of women expesiencing recurrence of their cancer’
within 10 years of diagnosis. One of the factors most predic-
tive for rechirrence once a diagngsis of breast cancer has been
made is the number of exillary lymph nodes to which tumor
has metastisized. Most node-positive women are given adju-
‘vent therapy, which ncreases their survival. However, 20%-

- 30%-of -patients. withoui exillacy-node. involvenient. also

e,

develop recurrent disease, and the difficulty les in how to iden--
tify this high-‘risk subset of patients, These patients could -

benefit-from ificreaséd surveiilance; early intervention, and

. Prognostic mérkers currently used in breast cancer recur-
rence prediction include tiamor size, histological grade, steroid
hornione receptor status, DNA ploidy, proliferative index, and
cathepsin D status. Expression of growth factor receptors and
over-expression of the HER-3/nen oncogene have also been

" identified as having value regarding treatment regimen and’

progngsis,

"7 .. HER-2/ni (alfo knowiras c-ebB2) i aH dnoogens that

encodes a trarismembrane glycop:
.%o, but distinct from, the epidernmal growth factor Teceptor.
Numerous studies. have indicated that high Jevels of expres-
sion of this proteix are associated with rapid tumor growth,
certain forms’ of therapy resistance, and shorter disease-free

survival. The gene has been shown to be amplified and/or -

40%-60% of intraductal breast cascinoma.$ .
There are two distinct FDA-approved niethods by which

overexpressed in 10%-30% of igvasive breast cancers and in

. HER-2/neu status can be evaluated: imniunobistochemistry -

(IHC, HercepTest™) and FISH (flusrescent in sit hybridiza-

" tion, PathVysion™ Kit). Both methods can be performed on

" archived anid current specimens. The first method allows visual
assessmont of the amount of HER-2/neu protein present on
the coll membrané, The lattermethod allows diréct quantifi.
cation of the level of pene amplification present in the tumor,
enabling differentiation between low- versus high-amplifica-
tich. At least one study has demonsirated a difference in

AUGUST 1999

recurrence risk in women younger than 40 years of age for
low- versus high-smplified tamors (54.5% compared to
85.7%); this is compared to ‘a recurmrence tate of 16.7% for
patients with no HER-2/neu gene amplification.$ HER-2ney -

.- Stabus may be particularly important1o establish n woren with; -
i - T oo 0 tho sl (ST cm) tamor size, . o T
o “from-approximately 65%- .

- . R .

~ The'khiolce of niethiodology. for déterinination of HER-S ~
new status depends in part on the clinical setiing. FDA approvaj
‘for. the Vysis-FISH test was granted based on clinical tials
hw&lﬂn%lﬂsg9 node-positive patients. Patients received one
of three dif

cxent treatments consisting of différent doses of

icyclophosphaniide, Adriemycin, and S-fiuorouraci] (CAF),

The study showed that patients with amplified HER.2/ney
beriefited from treatment with higher doses of adriamyein-
based therapy, while-those with normal HER-2/ncu. levels.did -
‘not. The study. therefote identified a sub-set of women, who
-bedause they did not benefit from more aggressive treatment,
.did not need to be expused to the Associated side effects. In
-addition, othér evidence indicates that HER-2/nei amplifica--
tion in node-negative patients can be usedas an independent
‘prognostic-indicatot for eafly recurrence, recurrent diseaseat” .
any: time.and disease-related death.’ Demonstration of HER<
2/nen gene amplification by FISH has also been shown to be
of value in predicting response to chemotherapy in stage-2

breast canter patients, = -

. Seleation of patients for Herceptin® (Trastuzumiab) mono-

-~ oo

. clonal antibody herapy, hiowever, is based upon denieisizar v
in that is homologous -

tion OFHER-2/neu protein ovérexpréssion using HeroepTest™,

Studies using Herceptin® in patients with metastatic breast

cancer show an increase In time to disease progression,

increased resporisé rate to chemotherapeutic agents and-a small

increase in overall survival rate. The FISH assays haye not yet
‘been approved for this purpose, and studies looking atresponse )
to Herceptin® in patients with or without gene amplification . _
status determined by FISH are ini progress, -

In genetal, FISH and IHC résults comelate well, Howéver,-

. subsets of tumors are foung which show discordarit results;

i.e., protein overexpression without gene amplification or lack .-
‘of ptotein overexpression with gene amplification. The tiini-
cal significance of such restlts is uncledr. Based on the above

. considergtions, HER-2/ne testing st SHMC/PAML will uti- -

lize immunohistochemistry (HercepTest®) as 8 screen, fol-
lowed by FISH in IHC-negative cases, Alternatively, either
method may be ordered individually depending on the olini+
" cal setting or clinician preference.’ . '



8ot

- aesulls,

"+~ +the chioniosome- K centigimere-find the'sécond for the HER- -

. Yncuoncogene located 8t 17q11.2-12 (spectrum gieen), Eno-

€T code information

HER-2/neu _vla; HC o

8842  (including interprétive reporty
. HER-2mey via FISH

. "8R71%2 Molecular vytogenetics, DNA probe, éach

"88274 * Molecular cytogenetics, interphase in gity hybrid-
ization, analyze 25-99 cells

Cytogenetics and molecular cytogenetics, intér.pr;%
fation and report o e
Procediral Information

lmih\mohi'stoé}iemistiy;ispgrfbme’dusing the FﬁA—ayeréd
- DAKO-antibody kit; Herceptest®, The DAKO kit contaips

- seagents required to complets a. two-step immunohisto-

chiemital stalning procedure forroutinety processed, puraffin-

embedded syioimens, Followiils incbatictcsgtirte primary s~

; “primary:
nbbit antibody to itman HER-2/nen protein, the kit employs
. Uready-to-yse dextran-based visualization reagent: This re-

sgent consists of both secondary goat anti-rabbit antibody- -

moleculés with horseradish peroxidase molecules tinked toa
comiron dextran polymer backbone, thus eliminating the need

. 2 “CancerRotesand Risks”, 4%
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. for sequential-application of link antibody and petosidase !

- conjugated antibody. Enzymatic conversion ef the subse~ .-

quently added chromogen results in. formation. of visible
reaction product at the antigen site, The specimen is then coun-

stained; a pathologist'psing light-microscopy intéiprets

FISH analysis at SHMC/PAML is performed using the
FDA-approved PathVysion™ HER-2/neu DNA probe kit, pro-
deced by.‘lysi;;-lnc.fannalin fixed, paraffin-embedded breast
tissueis processed using routine histological methods, and then
slides'are treated to allow hybridization of DNA probes to the
nuclei present in the tissus section. The Pathvysfon™ kit con-
w105 two direct-labeled DNA probes, one specific for the

slphoid repetitive DNA (CEP 17, gpectrum orange) presentat

meration of the probes allows & ratio of the number of copies
of chromosome 17 to the sumber of copies of HER-2/neu to .
be obtained; this cnables quantification of low versus high

. "emiplification levels, and allows an estimate of the percentage

of cells with. HER-2/neu gene amplification. The clinically

relevant distinction is whether the gene amplification is due

to incréagsed gene copy mumber on the two chromosome 17

- homologues normally present or an increase in the number.of

chromosome 17s ini the cells. In the majority of cases, ratio

“equivalents less than 2.0 are indicafive of a normal/negative

tesult, ratios of 2.3 ‘and over indicate that amplification is
present'and to what degree. Interpretation of this data wil be
pesformed and reported from the Vysis-certified Cytogenet-

" o8 laboratory at SHMC.
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